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Hereditary Ataxia 


A Survey of Certain Clinical, Pathologic and Genetic 
Features with Linkage Data on Five Additional 
Hereditary Factors 


Cart. JOHN W. SCHUT, M.C., A.U.S.! 
Armed Forces Institute of Pathology, Washington 25, D.C. 


INTRODUCTION 


THE clinical and pathologic features of an ataxia transmitted as a dominant 
hereditary trait in a six generation family of 343 members have been des- 
cribed in two previous papers (Schut, 1950; Schut & Haymaker, 1951). It 
is the purpose of this paper to review certain genetic features which were not 
discussed in the reports mentioned, and to list data assembled on certain 
other inherited factors, namely, the blood groups and the ability to taste 
phenylthiocarbamide. 

The large size of the family with this hereditary trait offers several unique 
opportunities for study. It has been possible to observe differences of expres- 
sion as a result of the appearance of the trait in distantly related branches of 
the pedigree, and to define some constant clinical and pathologic features. In 
the past certain of these differences of expression have been attributed to 
multiple alleles or to mutations of different genes. In this pedigree it is possible 
to ascertain what part of the variation is due to genetic and/or environmental 
modification. 

The pedigree chart of this kindred is presented in figure 1. In previous papers, 
the author used the usual method of designating individual members by gen- 
eration and serial numbers (e.g. V-6). In the present paper, a method intro- 
duced by Cotterman and Falls (1944) is employed. Each sibship is assigned a 
number on the chart, and the individual is identified by this number and by 
the birth order within the sibship. The propositus for this investigation is the 
afiected male 16-2. 

The trait could be traced to an ataxic male of Dutch ancestry who migrated 
with some of his daughters to northwestern Iowa in 1866. Most of his descend- 
ants live in that general area today, and in adjacent areas of South Dakota and 
Minnesota. His ataxic brothers and one ataxic daughter remained in the 
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Netherlands, but it has been impossible to determine whether these three ai- | 


fected men had children. For this reason there may be a connection between 
this family and others whose origin has been in the Netherlands. Dr. J. van den 
Bosch, Balkburg, Netherlands has recently sent me a report of the neurologic 
examination of /9-3, who resides in Zwolle, Netherlands. 

In 1915, when 3-7 and 3-8 were becoming ataxic, they went to the Mayo 
Clinic, Rochester, Minnesota, where they received the diagnosis of family 


ataxia. Until this time they had not identified their disorder with the disease | 


from which their mother had died. When the children of these two members 
became affected, they came to the University of Minnesota Hospitals, where a 
provisional pedigree was formulated, and the diagnosis confirmed. In 1939, 
when 16-2 died, Drs. R. C. Gray and C. P. Oliver (1941) compiled the available 
genetic material, and presented a clincopathologic report of the case. Subse- 
quently the author extended these studies at the Institute of Neurology, North- 
western University Medical School, Chicago, Illinois, and the Armed Forces 
Institute of Pathology, Washington, D. C. 


GENERAL CLINICAL FEATURES 


Age at onset. The early symptoms and signs were intermittent, thus the 
age of onset was particularly difficult to ascertain with accuracy. The age of 
onset was obtained for 32 members, usually within a range of years (table 2, 
column 12). These ranges were used in computations regarding age of onset. 

In 31 instances definite symptoms of ataxia appeared before the age of 35; 
in only 1 was onset between 35 and 40 years. The earliest age of onset for 
any member (2/-5) was 17, and the average was 26.5 years for the 32 members 
on whom such information was obtained. 

The average age at onset for the 7 members of generation J77 was 29.20 
years; for 20 members of generation 7V, 26.85; and for 5 members of genera- 
tion V, 21.6. In spite of the fact that ranges instead of exact ages were used, 
this drop in the average age of onset from one generation to the next appeared 
to be statistically significant. Nevertheless the number of children of each 
affected parent in whom ataxia developed at a younger age than it had in the 
parent was equaled by the number in whom onset was at a later age. Further- 
more, there was little correlation between parent and child or between siblings 
with regard to age at onset. Had a high correlation between parent and child 
existed, the average age at onset would tend to rise with each generation 
rather than to fall, because those in whom the disease developed later in life 
would be more likely to reproduce and have larger families before disability 
set in or death occurred. 

Certain observations might be advanced in explanation of the relatively 
small differences that existed in average age at onset between the generations. 
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(1) The recording of members having a younger age of onset. In generation 
IV there are 8 members past the age of 28 years and under 35 who may yet 
develop ataxia. If any of these 8 members become ataxic in the future, the 
average age at onset for that generation would be raised, and a smaller differ- 
ence would exist between the third and the fourth generations. The same 
applies to generation V where the trait may yet appear among the many 
young members as they pass through the critical age period. 

(2) The assignment of older ages at onset to members of generation J/T. 
The current method of determining the time at which the disease commences 
is to ascertain by examination the presence of a group of signs and symptoms. 
The age at onset determined by this method is usually earlier than the age 
at which the patient himself admits the presence of the disease. Since all 
affected members of generation 77 were deceased when this study was begun, 
the ages at onset were secured from the spouses or associates, and obtained 
in this manner were probably somewhat higher than those at which symptoms 
actually appeared. It is obvious that this pedigree would not have attained 
such a size had members of the first and second generation exhibited ataxia 
early in life. 

Duration. In 21 instances in which both age at onset and age at death were 
known, the average duration of the ataxia was 10.2 + 4.6 years,’ the range 
extending from 1 to 22 years. Duration was influenced significantly by inter- 
current infections and the time at which bulbar symptoms appeared. Possibly 
these two factors concealed a real correlation between age at onset and age 
at death, for when the members having an obvious cause for early or late 
death were excluded, there appeared to be a tendency for those developing 
the disease early in life to have it for a shorter period of time. 

Age at death. The age at death averaged 36.8 + 6.4 for 27 deceased members 
(10 men, 39.6 + 6.5; 17 women, 35.2 + 5.8). The same factors which influ- 
enced the duration of the disease were operative here. Data on generations JJ 
and JIJ are complete; age at death for the four women of JJ averaged 42.0 
+ 6.0, for 8 ataxic members of IJ, 39.1 + 4.7. The lower age of death in 
members of the next two generations, especially the striking drop between 
generations JV and V (JV, 35.8 + 5.5 in 11 members; V, 27.3 + 3.2 in 3 
members), probably has the same causation regarded as responsible for ante- 
dating in data on age at onset. More recently the modern antibiotics have 
served to prolong the lives of many of the living ataxic members. 


NEUROLOGIC FEATURES 


The neurologic manifestations of the ataxia were particularly diverse. 
Twenty-two affected members were examined, 13 by me and 9 by others. 


2 Quantities following the + sign are standard deviations in this section. 
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For purposes of study, they were divided into 4 groups on the basis of definite 
clinical criteria. The previous clinical report (Schut, 1950) detailed four repre- 
sentative cases, one from each clinical category. The four disease forms were: 
Friedreich’s ataxia, 1 case; hereditary cerebellar ataxia, subgroup A, 7 cases; 


1 


e 


34123412345 


Fic. 1. PEDIGREE CHART OF A FAMILY DISPLAYING HEREDITARY ATAXIA. 


This chart, Armed Forces Institute of Pathology Negative No. 195109, is based upon all infor- 
mation available in April, 1948. On a recent field trip (July, 1950) it was observed that /J-8, 13-5 
and 27-3 showed first signs of ataxia; 25-5, labelled here as questionably affected, was not ataxic. 
This new information, not shown in the figure, has been incorporated into table 2, but the neces- 
sary revisions in the partial sex-linkage test (table 1, addition of 1 cross-over, 13-5) and other 
statistics of the paper have not been made. 


hereditary cerebellar ataxia, subgroup B, 12 cases; hereditary spastic para- 
plegia, 2 cases. These syndromes which appeared in members of a family 
stemming from a common ancestor have heretofore been recognized as separate 
clinicopathologic entities. The demonstration of their similar origin constitutes 
evidence for the hypothesis that in many instances the three diseases are 
basically similar processes. 
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PATHOLOGIC FEATURES 


A pathologic study of 5 cases from this pedigree (9-6, 11-3, 16-1, 16-2, 
21-5, seen on the genealogic chart of previous articles as IV-6, IV-9, IV-26, 


VI 
LEGEND 

Male Death in preatoxic period 

O Female AQ  Questionably ataxic 

Afoxic mole @ A Indicates number of individuals 

@ Atoxic female q Identical twins 

A Sex unknown K Fraternal twins 


Sibships are numbered from left to right. The oldest sib receives the number /. 


IV-27, V-5) showed that the nuclear structure most consistently affected was 
the inferior olivary nucleus. In case 21-5 with the clinical diagnosis of Fried- 
reich’s disease, posterior column degeneration and olivopontocerebellar atrophy 
were very severe and changes in the bulbar cranial nuclei were prominent. In 


j 
1 cont. 
| | Z 
2 cont. 
2 O 
= 3 123465 123 123 
13 4] 16 17 18 [19 
' 2346 3 4 $ 7 2 ~ 67 
5 4 38 39 40) 41 43 44 45 6 47 48} 49] Sol si |s2 il 
| 


98 JOHN W. SCHUT 


9-6, a case which represented hereditary cerebellar ataxia (subgroup A) in the 
clinical classification, only mild to moderate posterior column degeneration 
was observed, but there was severe cortical cerebellar atrophy combined with 
olivopontocerebellar atrophy. The three other cases (J/-3, 16-1, 16-2) had 
been classified hereditary cerebellar ataxia (subgroup B) on the basis of clinical 
features. Pathologically, posterior column degeneration was absent in 16-2, 
mild in /6-1, and severe in //-3. In these cases shrinkage of the cerebellum 
was minimal and microscopic changes in the structure were slight in /6-/, 
but were moderately advanced in J1-3 and 16-2. 

Degenerative changes in the bulbar nuclei confirming clinical evidence of 
bulbar palsy were prominent in 21-5 and 16-1, but were only moderate in 
11-3 and 16-2 and minimal in 9-6. 

The spinal cord was available for study in only 2 cases, 9-6 and 16-1, and 
in both of them the anterior horn cells exhibited severe degeneration. 

The varying degrees of degeneration of the posterior columns may have 
been the result of the differences in duration of the disease, for clinically 11-3 
had no evidence of affection of the posterior columns when he was examined 
11 years after the onset. In 9 other members of this subgroup who were exam- 
ined in a similar stage of disability no neurologic signs of posterior column 
affection appeared until the late stages of the disease. However certain mem- 
bers of subgroup A manifested definite signs of posterior column involvement 
before they had had the disease for as much as 10 years. 

In summary, the structures of the central nervous system involved in the 
degenerative process in this family were: 1) the posterior columns and roots 
of the spinal cord, 2) the cerebellum with its afferent and efferent pathways, 
3) the lower motor neuron system in the bulb and spinal cord, and 4) the 
pyramidal system. While there is no pathologic evidence that the pyramidal 
system was involved, certain living members (17-2, 16-3, 20-2) now display 
definite clinical signs of advanced degeneration in this system. 


Localization of the Degenerative Process 


A well established principle which emerged in the clinical and pathologic 
studies was that there was considerable variation in the site of the degenera- 
tive process. The major changes remained limited to the four systems enu- 
merated, but it was noted that while one member might have severe 
degeneration in one system, in another the same system might have escaped 
entirely. Comparison of 2/-5 (onset at 17 years, death at 25) with 16-2 (onset 
at 20 years, death at 30), affords the best example of this phenomenon. In 
21-5 degeneration of the posterior columns was striking, while in /6-2 the 
posterior columns were unaffected even though the age of onset of ataxia and 
duration of the disease were essentially similar. An analogous difference in 
localization was observed in reference to the degenerative process in the pons 
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and its afferent pathway to the cerebellum in the brachium pontis, which was 
severe in 2/-5 and minimal in /1-3, 16-1 and 16-2. 

The familial nature of these differences in localization was shown by the 
clinical study. The progeny of 3-1, consisting of 9-2, 9-4, 9-6, 21-2, 21-5, and 
23-2, all showed clinical evidence of early posterior column degeneration, 
without involvement of the pyramidal system. On the other hand, 5-1 and 
her 4 ataxic children (20-2, 20-4, 20-5, and 20-7) had early signs referable to 
the pyramidal system, and in those examined symptoms of involvement of 
the posterior columns have not been detected late in the course of the disease. 

Thus there appeared to be a modification of hereditary type which produced 
differences in localization of the degenerative process. It was interpreted as 
genetic modification. Although the mutant dominant gene must be present 
to determine the existence of the disease, the exact localization of the de- 
generative process within the systems seems to be dependent upon other 
genes inherited separately. 


GENETIC FEATURES 


The trait is obviously a dominant with 100 per cent penetrance, for the 
presence of the ataxia in every member depended upon the disease in one 
parent (the affected parent in generation J is unknown). Tallying of the 
frequencies of the affected and normal children of ataxic individuals, separated 
as to sex, shows that the ratio does not depart significantly from a 1:1:1:1 
ratio (affected males: unaffected males: affected females: unaffected females 
= 16:19:21:16). Progeny of unaffected members (2-8, 3-2, 3-6, 9-3 and 1-5) 
number 200 or more and have been recorded with reasonable accuracy. Many 
other members are well past the age at which the ataxia usually occurs (9-/, 
9-5, 11-2, 13-1, etc.), are normal, and have healthy children. Knowledge of 
complete penetrance of the gene and of a maximum age of onset have been 
particularly helpful in counseling many members of this family. 


Partial Sex-Linkage 


A dominant partially sex-linked character received by an affected man 
from his mother tends to be transmitted to his daughters; one received from 
his father tends to appear in his sons. The evidence for inheritance of this 
type in this pedigree is not conclusive, but is presented in table 1. 

It will be noted that sibship 2 is included in this tally although the affected 
paternal grandparent is not known. Assuming this to be the grandmother, 
we would have P = 0.017 for the (exact binomial) probability of a deviation as 
large as or larger than 17:6. Omitting this sibship, we have the ratio 13:5, with 
P = 0.048. Conclusive evidence for partial sex-linkage must therefore await 
the time when /3-4, 13-5, and 15-2 are past the upper limit of the age at 
onset (their ages in 1950 being 30, 28, and 33 years, respectively). Should 
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they remain free from the ataxia, it will furnish further information for the 
phenomenon of partial sex-linkage, as would the determination of the affected 
parent of generation 7. In the determination of partial sex-linkage, it would 
also be constructive to know the genotype of the children of 25-2, 17-2, and 
20-7, but because of their age it will be some time before their status as re- 
gards the ataxia can be accurately assessed. The data also appear to be affected 
by the preponderance of women in generation JJ; furthermore the seemingly 
significant preponderance of males in generation V may possibly enter into 
future computations on partial sex-linkage.’ 

Haldane (19412) has shown that the determiner for recessive spastic para- 
plegia is a partially sex-linked gene. He submits evidence elsewhere (19415), 
however, that this disease is different from the spastic paraplegia determined 


TABLE 1. SIBSHIPS SUPPLYING INFORMATION RELATIVE TO HYPOTHESIS OF PARTIAL SEX-LINKAGE 


SEX OF AFFECTED MALES | FEMALES 
SIBSHIP FATHER PATERNAL 
cre Affected Unaffected Affected Unaffected 

2 1-2 Unknown 0 0 4 1 

ll 3-3 Female 2 3 3 1 

13 3-5 Female 0 a 1 0 

15 3-7 Female 0 1t 0 0 

17 3-8 Female 2 1 2 0 
Totals..... é LS 4 7 10 2 


* Two additional unaffected males, /3-4 and 13-5, are still within the age of onset period. 
t One additional unaffected male, /5-2, is still within the age of onset period. 


by a dominant gene, which appears as an autosomal trait. This partially 
sex-linked recessive form of hereditary spastic paraplegia is probably different 
from the form which has also appeared in members of this series. 

Bell and Carmichael (1938) reviewed most of the reported cases of ataxia, 
along with those of hereditary spastic paraplegia. They separated hereditary 
ataxia into two groups, using the presence or absence of the knee jerk as the 
sole criterion. They designated the group without this deep reflex as Fried- 
reich’s disease, with the reflex as spastic ataxia. Among many comparisons 
made between these two arbitrary types of ataxia, they showed that spastic 
ataxia was more often dominant than the Friedreich form. Sjégren (1943) 
reviewed a large group of ataxics in Sweden, and although he accepted the 
recorded diagnoses, he concluded that both a dominant and a recessive form 
of the disease existed. Leers and Scholz (1939) in their extensive review main- 
tair that there is no particular difference in mode of inheritance between the 


’ A provisional pedigree of a large Dutch family with hereditary ataxia, sent to me by J. van den 
Bosch, Balkburg, Netherlands, shows a similar tendency in favor of partial sex-linkage. However, 
the gene for the disease in this family does not appear to be 100 per cent penetrant in heterozygotes. 
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two forms of the disease. The lack of definite clinical criteria to distinguish 
these forms of hereditary ataxia is the most probable explanation for the 
differences in interpretation as to mode of inheritance. 

Brain (1925) also sought to explain the type of heredity in ataxia. He noted 
that the disease often appeared in members whose parents were apparently 
normal (Brown, 1892; Triebel, 1922). In explanation he postulated that the 
dominant gene could not produce the disease unless assisted by a homozygous 
set of accessory genes. Heredity of this type allowed for latent forms of the 
disease, and the appearance of the ataxia would be dependent in part upon 
the genetic make-up of the mate. Popenoe and Brousseau (1932) thought 
that the modifiers were responsible for alterations in the expression of the 
mutant gene, causing the apparent change in penetrance and anatomic local- 
ization of the degenerative process. The authors extended their theory in an 
effort to explain abortive forms. However, the phenomenon of multiple allelism 
has been evoked to explain variation that exists between members of separate 
ataxic families. In studies of this nature it is possible to secure information 
on the extent to which genetic and/or environmental modification is responsi- 
ble for variation. 


Linkage with Test Factors 


If a tight linkage could be found between the dominant gene for hereditary 
ataxia and some other gene invariably expressed at an early age it would be of 
great value in counseling members of the family who might later develop 
this disease. However, if crossing-over occurs with a frequency of more than 
10 per cent, the value of the linkage would be limited. It is the appearance 
of the ataxia in this family after the age of 20, and the existence of 59 members 
who by virtue of their parentage may exhibit the trait before the age of 35 
that make the effort to discover linkage of particular value in prognosis. In 
the presence of proved linkage relationships such a study as this will also aid 
in genetic classifications and assist in formulation of concepts relating to the 
heterogeneous origin of hereditary ataxia. 

Because the definite inheritance of the blood groups is well established, a 
possibility existed that a study of blood groups in members of this family 
might reveal linkage with the gene for ataxia.‘ In addition to ABO, Rh, and 
MN systems, a recently discovered antigen, Kell, was tested in this study. It 
was first reported by Coombs, Mourant and Race (1946) who gave it that 
designation. In 1947 it was independently described by Wiener who called 
it Si. The identity of the two was brought out by Sanger, Bertinshaw, Lawler 
and Race, in 1949, in a study of 423 Caucasian bloods; these investigators 


*If the gene for ataxia in this kindred should be regarded as incompletely sex-linked, this might 
be thought to make unnecessary tests for linkage with the ABO, MN, Rh, or K genes, since evidence 
for incomplete sex-linkage of these serological factors is wanting. However, any of the latter might 
ultimately prove to be loosely linked with sex, so that tests for linkage between ataxia and the 
antigenic factors would not be amiss. 
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also emphasized the dominant behavior of the antigen. They estimated gene 
frequencies as k = 0.9478, K = 0.0522. Levine and associates (1949) have 
described an antigenic factor to which they gave the name Cellano; it is 
present in 99.8 per cent of all bloods and is due to an allele (k) of the Kell 
gene (K). 

Materials and Methods. The blood for typing was obtained on a tour made 
through areas of the Middle West where members of this family were residing. 
Blood was drawn in sterile vacuum syringes and sent to the Blood and Blood 
Products Division of the Research and Graduate School, Army Medical Center, 
Walter Reed Hospital, Washington, D. C. The clotted specimens were sent 
by Air Express and were received about 24 hours after they were sent. They 
were refrigerated until morning, and when the tests were made all specimens 
were considered to be in good condition. All antisera used were known to be 
specific and of good potency. 

Tests were made for ABO and MN blood factors, for Rhy (D), rh’, (C), 
rh” (E), Hr’ (c) types, and for the Kell antigen. Dr. Wiener was kind enough 
to supply sufficient antisera to determine the distribution of Kell in this 
family. Clinical tests were also made to determine the ability of members of 
the family to taste phenylthiocarbamide, a character which is also known to 
follow a definite hereditary pattern. 

Ideally the study should be carried out by utilizing the refined methods 
developed by Norton (1949), but contemplation of the material shows that 
while such a study would increase the efficiency of utilization of the data, it 
would not sharpen the picture sufficiently from the point of view of counseling 
to make the expenditure of effort worthwhile. Nevertheless the material is 
recorded in table 2 for utilization by those interested in future studies. 

Results. The critical matings supplying information on linkage are listed 
below. There is no proof of linkage in any case, though the data are not 
sufficient to disprove the possibility. They do show that if linkage exists it is 
too weak to be of great practical value. 


1. Kell (Si) antigen. The critical matings involve children of 3-5, 3-8, 9-2, 9-4. Minimum 
possibility of 3 crossovers among 12 individuals. 

2. ABO blood group. The critical matings involve children of 11-1, 3-5, 5-1. Minimum 
possibility of 5 crossovers among 10 individuals. 

3. Rh blood types. The critical matings involve the children of //-1 (for e). Minimum 
possibility of 2 crossovers among 4 individuals. 

4. MN blood types. The critical matings involve children of 3-8, 5-1. Minimum possibility 
of 2 crossovers among 9 individuals.® 

5. PTC taste ability. The critical matings involve children of //-/. 

* The children of 3-8 and 5-J are second cousins, and if crossing-over had taken place in 3-8 or 
her mother, we should expect the ataxia gene to come in with the N instead of the M as we have 
assumed in the case of 5-/ and her children. The ratio would then be 8:1 instead of 7:2. This is but 
one inherent difficulty in scoring separate sibships of a single pedigree where there is possibility of 
loose linkage relationships. 
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TABLE 2. TEST FACTORS AND OTHER MISCELLANEOUS DATA ON A KINDRED EXHIBITING 
HEREDITARY ATAXIA 

Each sibship is separated by a horizontal line; the parents are listed at the bottom of each sib- 
ship and are indicated by an asterisk (*) preceding the entry. Data enclosed in square brackets [] 
are phenotypes inferred from those of the spouse and children. Missing data are indicated by double 
dots (..). The diagnosis of ataxia (H or h) is omitted for all unaffected individuals who have an 
affected parent but are under 35 years of age. 

The columns of data represent: (1) individual number, corresponding to the pedigree, Fig. 1; the 
letter a following a number designates the spouse; (2) sex; (8) H = heterozygous for hereditary 
ataxia, h = normal; (4) Kell (Si) blood type; (5) ABO blood group; (6) Rho (D); (7) rh’ (C); (8) 
rh” (E); (9) Hr’ (c); (10) MN blood type; (11) T = taster, t = non-taster of phenylthiocarbamide; 
(12) age at onset, expressed as a range in years; and (18) date of birth (month-day-year). 
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Comment. The method of ascertaining linkage described here is sufficient 
to indicate that no tight linkage relationships exist between any of the known 
factors tested. Methods might be employed based on sibships alone without 
knowledge of either parental genotype, but in the absence of a suggested tight 
linkage one might record a given sibship in the wrong phase, and the results 
would then be erroneous. A more accurate method would be to obtain the 
probable parental genotype in cases where it is unknown, by observing the 
genotype of siblings, their children, and their parents. As was true with partial 
sex-linkage, the determination of these suggested linkage relationships and 
their application awaits the time when many of the members of generation 
V reach or pass the age of onset.* Table 2 is included for those investigators 


® Tt is the plan of the author to publish subsequent material on this kindred in the Journal, as 
soon as it becomes available. Recently a 45-minute, narrated, technicolor film entitled “Hereditary 
Ataxia” (PMF 5140), depicting neurologic examinations of 25-2, 13-3, 17-2, 17-5, 20-2 and 20-7, 
has been released by the Army Medical Illustration Service and is available to medical and allied 
scientists on application to the Signal Corps Photographic Center, 35-11 35th Ave., Long Island 
City, N. Y. 
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who are interested in working out suitable methods for utilizing all the avail- 
able material. 


SUMMARY AND CONCLUSIONS 


Some clinical, pathologic, and genetic data are recorded for a large American 
kindred displaying hereditary ataxia. The disease appeared as a dominant 
trait in 45 members. There was a suggestion that the disease was determined 
by a partially sex-linked gene, but conclusive evidence for this type of in- 
heritance must await the time when certain members reach the upper limit 
of the age of onset. 

Complete penetrance of the gene was apparent. The age of onset was re- 
corded in 32 instances of the ataxia, usually within a range of years. With 
one exception, the disease made its appearance before the age of 35, with an 
overall average of 26.5 years. There exist 51 individuals in the fourth, fifth 
and sixth generations who by virtue of their parentage may yet exhibit ataxia 
before the age of 35 years. 

An attempt to demonstrate autosomal linkage between five definitely in- 
herited factors and the gene determining the ataxia failed to uncover conclusive 
evidence for this phenomenon. However, it is possible that a more efficient 
use of the data may increase certain suggested linkage relationships; therefore 


the information on these five inherited factors is recorded for use by the inter- 
ested reader. 
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Studies in Disorders of Muscle 


V. The Inheritance of Childhood Progressive Muscular 
Dystrophy in 33 Kindreds 
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THE cases of muscular dystrophy which have been studied in our laboratory 
fall with rare exceptions into two types, childhood and facioscapulohumeral 
progressive muscular dystrophy (Tyler & Wintrobe, 1950). The facioscapulo- 
humeral type, a dominant form of dystrophy, has been described as it occurs 
in one large kindred (Tyler & Stephens, 1950). This report is concerned pri- 
marily with the inheritance of the childhood type in 33 kindreds. A more 
detailed description of the clinical manifestations of the disease is being pre- 
sented separately (Tyler & Stephens, 1951) but a brief summary is included 
here. 


METHODS 


The data have been collected over a period of many years. By interviews with 
patients and members of their families (particularly parents) extensive pedi- 
grees have been established for most of the families. All of the patients as well 
as any of their relatives who gave any indications of having the trait were 
interviewed and were given physical examinations. In addition, many of the 
normal sibs have been examined. This did not disclose additional cases. Many 
of the cases were initially examined by the late Dr. S. C. Baldwin. Many of 
them have been carefully studied in the Metabolic Ward of the Salt Lake 
County Hospital. The majority of the patients reported here were residents of 
Utah. A few have come here for examination and study from other states. 


REVIEW OF LITERATURE 


Since comprehensive reviews of the literature are available elsewhere, only 
a very brief review will be presented here. Many reports in the literature are 
confusing in their descriptions of the disease. It becomes obvious that several 
different disease processes and different kinds of inheritance are involved in 
the various kindreds that have been reported. 


Received October 16, 1950. 
This study was supported in part by a grant from the United States Public Health Service. The 


authors are indebted to Mrs. Sabina Parker for extensive field work and to Mrs. Janice Grundmann 
for technical assistance. 


111 


112 F. E. STEPHENS AND FRANK H. TYLER 


Gowers (1879) pointed out that pseudohypertrophic muscular dystrophy in 
boys was transmitted through normal mothers, especially if it began early in 
life. When it began later in life it was sometimes transmitted by both males 
and females. These patients whose disorder began late in life belonged un- 
doubtedly to the facioscapulohumeral or some other type of dystrophy. Pola- 
check (1941), Arbuse and Sloane (1937), Voshell (1933), Kostakow (1934) 
and others have presented pedigrees consistent with sex-linked recessive in- 
heritance. 

Julia Bell, in a notable work (1943), attempted to take from the literature 
up to 1943 all of the descriptions of muscular dystrophies. She separated them 
into several groups on the basis of the symptoms and findings presented. Such 
a work must, by its nature, share the same inaccuracies of diagnosis and case 
findings as the original reports. Her hypothesis that all types of muscular 
dystrophy are caused by the same main gene and that differentiation is due 
to different modifying factors finds little evidence for its support in our studies. 


DESCRIPTION OF THE DISEASE 


The birth and neonatal period of the children (all boys) showing childhood 
progressive muscular dystrophy was consistently uneventful. The first diffi- 
culties usually appeared in the third year of life and consisted of a waddling 
gait, frequent falling and difficulty in running. All of these resulted primarily 
from involvement of pelvic girdle musculature. In a few cases some delay in 
beginning to walk was observed. Others had no apparent difficulty until 6 
or 7 years of age. In evaluating these statements, however, it should be pointed 
out that the families in which more than one child was affected dated the onset 
of the initial difficulty earlier in the second afflicted child. The more carefully 
observed children were the ones in whom the first definite changes were noted 
in the first years of life. 

As the trait became well established, a characteristic pattern of muscular 
atrophy and weakness became apparent. This proved to be the best diagnostic 
criterion of the disorder. The involvement was nearly always symmetrical. 
The most diagnostically helpful findings were in the pectoralis major and 
the trapezius muscles, where the early atrophy which occurred in the lower 
parts of these muscles was quite unlike the atrophy seen in other types of 
neuromuscular disease. 

Pseudohypertrophy of muscle is a curious phenomenon which occurred in 
the majority of these patients (Tyler, 1950). It consists of enlargement of 
muscles which are at the same time weak. Pathologically such muscles show 
marked infiltration by fat and fibrous tissue. The enlargement usually persisted 
throughout life and was localized in certain pairs of muscles, most frequently 
the calf muscles, triceps brachii, deltoids and glutei, although nearly any 
muscle may be involved. Enlargement of the calf muscles was sometimes the 
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first observed abnormality. It was noteworthy that, even when pseudohy- 
pertrophy was found, adjacent groups of muscles showed only atrophy and 
weakness. The term pseudohypertrophic progressive muscular dystrophy has 
been used frequently to describe this group of cases but, for reasons outlined 
elsewhere (Tyler & Wintrobe, 1950), it is better referred to as the childhood 
type of progressive muscular dystrophy. 

The disorder progressed insidiously and slowly so that the majority of chil- 
dren were bed and wheel-chair invalids at 9 to 12 years of age. Death most 
frequently resulted from intercurrent respiratory infections in adolescence or 
early adult life. 

A few of these dystrophic boys had other congenital abnormalities such as 
congenital heart disease, arachnodactyly, and coloboma of the iris. The changes 
which have been observed in the skin, subcutaneous tissues and bone have led 
to the suggestion that this is a generalized disease of the supporting tissues of 
the body rather than one affecting muscle only. Consequently, the abbreviated 
designation “childhood dystrophy” may be used not only as a convenience but 
as a reminder of the more generalized character of the disorder. 

In an occasional patient, myocardial involvement occurred with obscure 
congestive heart failure. No impairment of the mental faculties was observed. 
The syndrome is a highly specific one clinically and should not be confused 
with other neuromuscular disorders. 


INHERITANCE 


Our conclusions concerning the nature of the inheritance of childhood dys- 
trophy are based on the appearance of the abnormality in 33 separate kindreds. 
The collection of so many pedigrees showing the same trait in a given geo- 
graphical area gives an unusual opportunity to study an apparently sex-linked 
recessive trait as it occurs in a given section of the population. A total of 1,977 
normal and 63 dystrophic individuals are presented. From 1 to 10 affected 
individuals were found in each kindred. The disease was manifest only in the 
males. Where there was evidence of it passing from generation to generation, 
it was invariably transmitted through the normal female line. When we ex- 
amined the kindreds for some pattern of inheritance we found a condition 
consistent with sex-linked recessive inheritance. Since, however, none of the 
affected males in any of the 33 kindreds have had any offspring, we were unable 
to determine whether or not the affected males were able to transmit the trait 
to their sons. Lack of such critical evidence means that we cannot exclude the 
possibility of an autosomal gene invariably producing the disease in heterozy- 
gous males but not in heterozygous females. When we assume, therefore, that 
childhood dystrophy is inherited as a sex-linked recessive it is with this one 
reservation in mind. 

Kindreds 64 and 132 might seem to be exceptions to the sex-linked recessive 
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hypothesis since //-4 and J/-8, the great-grandfathers of V-/4 and V-/7, were 
brothers. If the trait had been transmitted by these two brothers it would have 
to be considered as an autosomal recessive rather than as a sex-linked recessive. 
It would then have to be assumed that the fathers of the two affected sons and 
their wives were heterozygous for the trait. There was no indication of inbreed- 
ing which might tend to bring out a rare autosomal recessive trait. Considering 
the other kindreds, it seems more likely that two carrier females (JV-3 and 
IV-27) married by chance into the same large kindred and that each had a 
dystrophic son. 

For convenience in discussion, the kindreds were divided into 3 groups. 
Group I contained those kindreds (fig. 1) where the trait seemed to be passed 
down through a line of female carriers from the first known female in the 
kindred to the affected individuals. Group II contained those kindreds (figs. 
2A, 2B) where there were insufficient numbers of males in the direct line from 
the first known female to the affected individuals to determine whether or not 
the gene was being transmitted from the first known female. Group III was 
made up of those kindreds (figs. 3A, 3B, 3C) where there were sufficient un- 
affected males in a direct line from the first known female to the affected males 
to make it unlikely that the defective gene had been transmitted through the 
female line from the first known female in the kindred. This grouping was 
only made for convenience. It was realized that mutations might have occurred 
at various places in different pedigrees. 

If childhood dystrophy were inherited as a sex-linked recessive in all of these 
kindreds, approximately one-half of the sons of the theoretical carriers should 
show the trait. Since, however, many of these females could not be detected 
because many of them would only be potential carriers the 1: 1 ratio would only 
be approximate. There was a close approximation to the 1: 1 ratio in Group I. 
In Group II, however, most the kindreds have but one affected individual in 
the pedigree and there were insufficient numbers of males in a direct line from 
the first known female to give a satisfactory ratio. Kindred 89 is an interesting 
example. The ancestress J-/ in this kindred was reared in an orphan asylum 
and knew nothing about her family. She had but one son and he was affected 
with childhood muscular dystrophy. This provides little information on which 
any definite conclusions can be drawn regarding the inheritance of the trait. 
This and other kindreds in this group might fall into Group I or Group III 
if more data were available. 

Group III is of special interest because of the excessive numbers of normal 
males in comparison with the defective ones. Although it appears from Group 
I that the trait is consistent with the sex-linked recessive hypothesis, in Group 
III there is strong evidence that the trait was not transmitted through the 
kindreds via a series of female carriers from the first known female in the 
kindred. What, then, is the explanation? It could be suggested that the clinical 
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manifestations might be caused by some unknown environmental condition. 
Since evidence of inheritance of the same trait in Group I is so definite, however, 
one hesitates to accept this explanation without exploring other possibilities. 
The other obvious explanation would be that these apparently isolated cases 
result from recent mutations. Several lines of evidence tend to confirm this 
hypothesis. 

Identical Twins. One of the kindreds is of special interest (see Kindred 31 
in table 1 and in fig. 3A, Group ITI). A pair of identical twins, both of whom 
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26 


developed childhood dystrophy, was born into this family of otherwise normal 
people. They ran an entirely similar clinical course, the disorder being first 
recognized at 6 years of age, complete incapacity occurring at 11 years and 
both dying within a few months of each other at 25 years of age. The lack of 
other cases in this rather extensive pedigree and the large number (9) of normal 
male offspring from the direct line of descent on the female side make it quite 
improbable that the gene had been present previously, yet the occurrence of 
the disorder in both twins together with the genetic pattern for the same trait 
in other kindreds strongly suggests a genetic origin. It seems likely, therefore, 
that this is a new mutation. The fact that these and all other cases of the 
disease occur in males further suggests sex-linked recessive inheritance. 
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Mutation Rate. If childhood dystrophy is always due to a sex-linked recessive 
gene and occurs only in males who never reproduce, the gene should rapidly 
disappear from the population if there were no new mutations. Complete data 
on the frequency of the disease in Utah are not available at the present time. 
However, all available information has been collected on these cases for many 
years. It is felt that most of them, especially those born in recent years, are 
on record although a few cases may have been missed. An enumeration of the 
affected individuals born in Utah during the period 1931-1941 shows no indica- 
tion of any decrease in the frequency of childhood dystrophy (table 2). If we 
conclude on the basis of this evidence that there is no decrease in the frequency 
of this trait, a high mutation rate must be postulated to replenish the supply 
of genes depleted through the failure of affected males to reproduce. Not one 
afiected male in any of the 33 kindreds studied has produced any offspring. 

If we now take the number of cases in Group III (presumably new mutations) 
born during the 10 year period, 1931 through 1940, and compare this with the 
total number of children born in the state during this same period, a “direct” 
estimate of the minimum mutation rate of the gene for childhood dystrophy is 
obtained. This period of time was chosen because it was thought that the data 
would be most accurate. Some affected individuals born before this period 
may have died without having been examined or reported, while some born 
after this period may not have been identified as yet. Six of the affected in- 
dividuals in Group III were born in Utah during this period. 

The reports of the state office of vital statistics show that approximately 
126,000 children were born in Utah during this same time. If we assume that 
one-half of these were males, the total group would represent 189,000 X- 
chromosomes, since each female has two X-chromosomes and each male one. 
Six mutations would represent the mutations in 3 of these chromosomes; 
therefore, 6/63,000 should give the approximate mutation rate, or 9.5 xX 10-°. 
Any cases which might have been missed or may have occurred in Group I 
would only slightly increase this minimum mutation rate. Since it is seldom 
possible to calculate a mutation rate by this direct approach, Haldane (1935) 
following the same line of reasoning, proposed the following formula for cal- 
culating the mutation rates of sex-linked recessive traits: « = 4(1 — f)x, where 
u is the mutation rate, f is the relative fertility of affected males and x is the 
frequency of the trait among males. Since the total number of affected boys 
born in Utah during the same interval, 1931-1941, happens to be exactly three 
times the number of mutations found in the direct method above, the results 
are exactly the same, e.g. u = 3 X 18/63,000 = 9.5 xX 10-5. This mutation 
rate estimate is one of the highest reported in human genetics. A comparison 
is shown in table 3. 

If the disease is inherited not as a sex-linked receissive trait, but as an auto- 
somal trait appearing in heterozygous males but not in heterozygous females, 
the mutation rate required for equilibrium would be only half as great, since 
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TABLE 1. SUMMARY OF DATA BEARING ON AGE AT ONSET AND DURATION OF ILLNESS 


PEDIGREE 
NUMBER 


III-8 
III-12 
III-14 
TII-15 
IV-26 
V-11 
III-14 
IV-13 


| 
AGE AT ONSET DATE OF BIRTH DATE OF DEATH | AGE AT DEATH AGE IF LIVING 


| 


GROUP I 


1944 


GROUP II 
1931 
1937 
1921 
1923 
1928 
1934 
1929 


1910 
1918 
1922 
1928 
1937 
1911 
1927 
1924 
1938 
1939 
1940 


1936 
1876 
1897 
1940 


1910 
1950 


14 
11 
16 
11 


KI) 


| | 
- 
11 — 1895 15 = 
2 | 1903 15 
2 15 
2 1911 17 
7 1920 | 17 ; 
2 1946 — 4 
iS | 1893 18 
— 1904 23 
| IV-15 — 1908 16 1 
IV-22 — 1922 16 
1V-24 1926 13 
| IV-31 — 1923 17 1 
V-4 6 1936 
V-5 5 1939 
V-21 2 1934 
V-22 3 1939 — _ 
| 
ITI-18 ~ 1900 1922 22 
IV-2 6 1928 — = 22 
IV-3 6 1929 = 21 
1V-4 5 1930 — - 20 
11-1 1920 16 
| 11-10 1860 16 
111-4 1879 18 
IV-21 8 1923 17 - 
V-11 2 1942 — = 8 
125 11-12 — 21 — 
III-2 — 1894 16 — 
IV-3 2 1930 20 — 1 
130 II-1 — 13 
3 1943 — 7 the 
13 1V-24 1 — | 19 chi 
30 IV-4 2 13 son 
43 11-5 8 29 or 
44 11-2 9 1943 20 evi 
56 111-12 2 22 dy: 
59 IV.21 3 — 16 It 
a V-17 5 1944 15 = ma 
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TABLE 1.—Continued 
GROUP II.—Continued 


KINDRED pers AGE AT ONSET DATE OF BIRTH DATE OF DEATH, AGE AT DEATH | AGE IF LIVING 
68 V-10 2 1937 — — 13 
V-1l 2 1940 10 
83 IV-3 1936 14 
89 4 1938 12 
92 IV-19 7 1934 _ — 16 
IV-39 6 1935 15 
1V-40 7 1940 10 
126 3 1941 _ 9 
127 _ 1941 9 
132 V-14 1922 28 

GROUP III 

7 IV-1 1 1927 —_ = 23 
12 IV-17 2 1936 14 
14 IV-13 2 1936 — 14 
24 V-2 2 1928 22 
26 IV-28 2 1933 — — 17 
31 IV-12 6 1919 1944 25 — 
IV-13 6 1919 1944 25 — 
36 V-7 5 1930 _ — 20 
37 IV-21 3 1940 _— _— 10 
67 V-17 3 1932 1948 16 — 
91 IV-3 1927 23 
120 IV-23 2 1941 _ | — 9 
128 1V-33 3 1938 12 


there would be 126,000 autosomes represented in the calculation instead of 
the 63,000 male X-chromosomes. 

Size of Families. Because of the early expression and the severe nature of 
childhood dystrophy it might be thought that the abnormal gene would in 
some cases be effective before birth or soon after, causing abortions, stillbirths, 
or an increase in the number of males dying in infancy. There was no obvious 
evidence that such early deaths were any more frequent in families where 
dystrophy occurred than in other families belonging to the same kindreds. 
It would seem probable that the defective gene does not produce clinical 
manifestations until after the first two or three years of life. 
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When the mean size of sibships containing cases of dystrophy was compared 
with that of other sibships in the same kindreds and in the same generations, 
the former was found to be larger. The average number of children in sibships 
showing dystrophy was 4.2 as compared with 3.2 in the non-dystrophic sib- 
ships in the same generations. This probably can be explained on the basis of 
ascertainment, i.e., the dystrophic sibships were selected because they contained 
at least one dystrophic male. The data, however, deserve further examination 
inasmuch as any real increase in the fertility of heterozygous women would 


TaBLe 2. NUMBER OF DYSTROPHICS BORN IN A TEN-YEAR PERIOD (1931-1941) IN Uran 


NUMBER OF 
YEAR DYSTROPHICS 


1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 


Total 


TABLE 3, RATES OF MUTATION OF HUMAN GENES (ADAPTED FROM HALDANE, 1949) 
GENE MUTATION RATE 

Chondrodystrophy 4X (Mérch, 1941) 
Hemophilia 3 X 10° (Haldane, 1939, 1947) 
Retinoblastoma 1.4 X 10° (Philip & Sorsby, quoted by Haldane) 
Aniridia 1.2 X 10-5 (M¢llenback, 1947) 
Epiloia 4to8 X 10°° (Gunther & Penrose, 1935) 
Pelger anomaly of leucocytes 8 X 10° (Pitau & Nachtsheim, 1946) 
Thalassemia 4X 10-* (Neel & Valentine, 1947) 
Childhood muscular dystrophy 1X 10 (Present study) 


tend to counterbalance negative selection in males, thus providing an alterna- 
tive to the high mutation rate postulated. 

Eugenic Implications. While childhood dystrophy occurs only in males, two- 
thirds of all the defective genes which are capable of producing it are in the 
female population. Since the males never reproduce, the trait must be trans- 
mitted only by the carrier females. In kindreds in which the trait is being trans- 
mitted as a sex-linked recessive through the female line, half of the sisters of 
dystrophic boys may be expected to be carriers. If they are carriers, each son 
they have has a one to one chance of being dystrophic. Each daughter of a 
carrier female has a one to one probability of being a carrier. Where the affected 
child himself is a mutant, he should be the only one in his kindred to develop 
the trait as a result of this mutant gene. In order to be transmitted in a kindred, 
a mutation must be present in the egg or sperm which goes to produce a female. 
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SUMMARY AND CONCLUSIONS 


1. A study of 33 separate kindreds in which there were 63 cases of childhood 
dystrophy is reported. The clinical syndrome is described and the nature of 
its inheritance analyzed. 

2. Progressive muscular dystrophy of childhood is an easily recognizable 
trait which occurs only in males none of whom ever reproduce. 

3. In 7 of the 33 kindreds studied the trait is clearly transmitted as a sex- 
linked recessive with the possible alternative of an autosomal trait occurring 
in the heterozygous males but not in the heterozygous females. In 14 kindreds 
there were insufficient data on which to draw definite conclusions regarding 
its inheritance and in 12 kindreds there was definite evidence that if the trait 
be due to a sex-linked recessive gene the cases must represent new mutations. 

4. On the basis of data covering a 10 year period, the estimated minimum 
mutation rate for the sex-linked recessive gene is 1 X 10~. 

5. The high mutation rate and the failure of affected individuals to repro- 
duce accounts for the frequent sporadic occurrences of the disorder. 
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The High Familial Prevalence of Neurocircu- 
latory Asthenia (Anxiety Neurosis, 
Effort Syndrome) 
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Medical Clinic and Cardiac Research Laboratory of the Massachusetts General Hospital, and the 
Psychiatric and Genelics Laboratories of the Boston Lying-in Hospital, and the Deparlment 
of Medicine and Obstetrics, Harvard Medical School* 


INTRODUCTION 


DuRING an investigation (1) of neurocirculatory asthenia, anxiety neurosis, 
or effort syndrome, some patients said that other family members had symp- 
toms or trouble similar to their own. Such statements, plus clinical impressions, 
suggested that the familial prevalence of this disorder should be especially in- 
vestigated. This study was planned to achieve the following ends: firstly, to 
ascertain the frequency of the disorder in parents, brothers, and sisters of 
patients with the disorder; secondly, to investigate and analyze the pattern 
of familial prevalence in affected families; thirdly, to determine, if possible, 
if the disorder were hereditary or acquired, or both; fourthly, to provide a 
basis for further studies in order to clarify specific detailed problems relating 
to the familial prevalence of the disorder. 


PROCEDURE 


The families of 139 patients with neurocirculatory asthenia, 25 convalescent 
control subjects, and 55 healthy control subjects were investigated. Reliable 
information as to the occurrence of neurocirculatory asthenia in families was — 
obtained from 67 patients with chronic neurocirculatory asthenia, 44 patients 
with acute neurocirculatory asthenia, 18 convalescent control subjects, and 
54 healthy control subjects. Data were not included when the subject did not 
remember his mother or father, when the parent died at or before the age of 
30, or when, in the opinion of the investigators, general factors of low intelli- 
gence, evasiveness or poor or incomplete information made the data so un- 
reliable as to preclude their use. 

The interview method was used. The patient was interrogated from a check 
list which covered 125 points. The portion of that list especially relevant to 
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this study was listed as family history and included the following questions: 
Anyone in the family have nervousness? Anyone in the family faint? Anyone 
in the family have nervous breakdown? Anyone in the family have heart at- 
tacks? Anyone in the family have angina pectoris? Anyone in the family have 
breathing trouble? Anyone in the family have high blood pressure? Anyone in 
the family have the same trouble as patient? If any of the above were answered 
by “yes,” further relevant questions were asked, in no set pattern, to amplify 
and clarify the diagnosis using appropriate clinical methods of history taking. 
In 15 subjects the relative was examined in order to compare the information 
and diagnosis gained by direct examination with that of the interview with the 
index case. 

Data were analyzed by means of standard statistical and mathematical ge- 
netic methods. These calculations included: a) the significance of the difference 
between proportions and means (2); 6) the probability of the occurrence of 
deviations (3); c) the comparison of the actual number of affected cases in 
each position of birth rank in a sibship with the expected number, “‘long- 
table’ method (4, 5); d) the number of contiguous affected cases actually ob- 
served compared with the number expected by random distribution (6); e) the 
comparison of the actual number of affected cases in sibships of varying size 
with the number expected according to standard genetic ratios: simple domi- 
nant and recessive (7), double dominant, double recessive and triple dominant 
(8), and the variance and significance ratios of these (9); f) expected propor- 
tion of families of index cases with both parents normal, one parent affected 
and both parents affected for various gene frequencies, recessive and double 
dominant hypotheses (8). Gene frequencies were calculated for each disease 
prevalence from general Mendelian principles, assuming non-assortative mat- 
ing, and for double dominants, assuming equal frequency of both dominant 
genes (8, 10, 11). 


Definitions and Terminology 


In this study neurocirculatory asthenia (N.C.A.), anxiety neurosis, neur- 
asthenia and effort syndrome were regarded as synonymous terms representing 
the same disorder (1, 12). Whether this disorder represents one or several 
disease entities is not as yet clear; however, these terms as commonly used 
offered no useful basis for further differentiation. The diagnosis of N.C.A. 
in an index case was based on its characteristic symptoms (1, 12, 13). 

The index case (proband) was the patient with N.C.A. or the control subject 
whose relatives were investigated for evidence of neurocirculatory asthenia or 
its absence. The term “patient” refers always to the index case with N.C.A. 
the term “‘affected”’ is used to describe the abnormal relatives or families with 
affected cases other than the index case. “Affected cases” in a sibship include 
the index case. 
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In patients (index cases or probands) a division was made between chronic 
and acute neurocirculatory asthenia. This division was made on history alone 
(12, 14); it was further proved to correspond with quantitative laboratory 
differences (1, 14, 15, 16), which strengthened the conclusion that the division 
between acute and chronic N.C.A. was a valid one (1). In brief, those who had 
a lifelong course of the disorder or who could never do hard work or athletics 
were designated ‘chronic N.C.A.’, while those who gave convincing evidence of 
good health, ability to do muscular work or athletics, and nervous stability 
previous to the onset of the illness were designated ‘acute N.C.A.’ The method 
of separation of the patients into ‘acute’ and ‘chronic’ was at best arbitrary 
and fairly crude, but the decision in any individual case was always made in- 
dependently of the family history. 

Convalescent patients were Army soldiers who had had bone wounds or 
injuries, had developed osteomyelitis and were under penicillin therapy. They 
were practically all well enough to be up and about and to go out of the hospital 
for visits. This group was included in order to learn whether being sick oneself 
led to describing excess of symptoms in relatives. Three patients in this group 
also suffered from chronic N.C.A. Their data were retained in the study, how- 
ever, as this seemed the least confusing way to handle the problem. The deci- 
sion as to diagnosis in their cases as in all cases in the study was made in- 
dependently of the family history. 

Healthy control subjects were soldiers who were in good state of health, 
had been through basic training and were not considered medical or disciplinary 
problems in their units. Two of these subjects were diagnosed N.C.A. but their 
data were retained with that of the healthy group. 

The term “familial prevalence” was defined as referring to occurrence in any 
close relative, i.e. mothers, fathers, sisters, brothers. In some genetic writings 
the term “familial” is used to refer to disease occurring in siblings but not in 
parents (5), and hence it often implies a recessive condition. The term is not 
used in that restricted sense in this report, however. 

Relatives were divided into three groups: 1) neurocirculatory asthenia 
(N.C.A.), 2) probable N.C.A., 3) no N.C.A. Relatives with characteristic 
symptoms of N.C.A. were believed definitely to have the disorder and were so 
diagnosed. Those for whom data were incomplete but suggestive of N.C.A., 
or for whom an alternate but less likely diagnosis was possible, were called 
‘probable N.C.A.’ Those who had no symptoms or whose symptoms were 
non-diagnostic were called ‘no N.C.A.’ Decision as to diagnosis in relatives was 
originally made on clinical impression, but eventually, in order to use strictly 
comparable standards in diagnosis in the patient and control groups, a system- 
atic method of diagnosis was evolved based on clinical facts concerning N.C.A. 
(table 1). This system was adhered to rigidly in the final decision as to diagnosis 
in the relatives of both patient and control groups. The number of alcoholic 
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relatives was noted. ‘Alcoholic’ refers to a person who had difficulties related 
to the excessive use of alcohol according to the opinion of both the patient 
and the examiner. 

No relatives younger than 18 years of age and none who died before the 
age of 18 were included in the study, since N.C.A. usually does not develop 
before that age. This conclusion is based on another study, some of the data 
of which have already appeared (17), which showed that in 60 well-studied cases 


TABLE 1, CRITERIA FOR DIAGNOSIS OF NEUROCIRCULATORY ASTHENIA (ANXIETY NEUROSIS, EFFORT 
SYNDROME) BASED ON INFORMATION FROM INDEX CASE 


I, NERVOUS II, CARDIOVASCULAR Ill, FATIGUE IV. DIAGNOSES 


“Nervous” Short of breath Tires easily Same as patient 
Apprehensive Breathlessness Can’t work Nervous heart 
Fears Palpitation Never could do hard | Tired muscle 
Restless Chest discomfort work Low blood pressure 
“Trembly” Chest pain Never healthy “Thyroid trouble” 
Headaches Chest pressure Skinny Nervous breakdown 
Insomnia Dizzy spells | Weak “Anemia” 

Dizzy Anxiety attacks Rests a lot 

Faints | | Not robust 

Faintness 

Dizzy spells 

Anxiety attacks 

Nervous spells 

Irritable 


Rejected by army for 
nervousness | 


Four categories of information from history were set up. Category I consists predominantly of 
“neuropsychiatric” symptoms; II predominantly of “cardiovascular” symptoms; III of more gen- 
eral symptoms and disability; IV of diagnoses commonly used for the disorder. Minimal diagnostic 
criteria for neurocirculatory asthenia: Any symptom in I plus any symptom in II; any symptom in 
II plus any symptom in III; “diagnoses” in IV or “anemia” plus any symptom in I; dizzy spells 
plus one more symptom. Diagnostic criteria for probable neurocirculatory asthenia: Any symptom 
in I and any symptom in III; any symptom in II; several symptoms from I; fainting plus any other 
symptom in a man; “many nervous breakdowns.” The diagnosis is based on the presence of com- 
plaints of the above symptoms in the absence of any other diagnosis, definite or probable, medical, 
psychiatric or other, to explain them. 


only 20.8% began before 18 and that the mean age of onset was 24.95 years. 
No parents who died at or before age 30 were included in the study, as the 
subjects seemed to have but slight knowledge of such parents. ‘Family’ as 
used in this study refers to immediate family of the index case, i.e. parents, 
brothers and sisters only. 

In a few families information about relatives other than parents and siblings 
was obtained, but there was so little reliable or complete information of that 
Sort that it was not deemed usable for this report. ‘Relatives’ thus refers to 
either mothers, fathers, brothers or sisters. 
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Differences between means and proportions which were equal to or greater 
than twice the standard error of the differences (¢ > 2) were called ‘“‘statis- 
tically significant”; the probability of such a deviation occurring by chance is 
approximately 5 per cent or less (P < 0.05). 


RESULTS 


Prevalence of N.C.A. in relatives of patients with chronic N.C.A. 


The proportion of fathers with neurocirculatory asthenia (anxiety neurosis, 
effort syndrome) is higher in the chronic N.C.A. group than in the control 
groups (fig. 1); this difference, 17.5% vs. 0.0% (table 2), is statistically sig- 
nificant (¢ = 3.2, table 3). 

The prevalence of N.C.A. in mothers of patients with chronic N.C.A. is 
54.8% (table 2); this is in sharp contrast to the percentage of 1.9% and 16.7% 
in the two control groups and 5.6% in the combined data of both control 
groups. The difference in proportion of affected mothers between patients 
and controls is highly significant (chronic vs. healthy, ¢ = 6.2; chronic vs. con- 
valescent, ¢ = 2.86). (Cf. table 3). It should be noted (fig. 1) that the 3 cases 
of N.C.A. in mothers in the convalescent control group were in mothers of 
control subjects who had been diagnosed as having N.C.A. In families with no 
affected children only one mother had N.C.A. 

It will be noted that there are more affected mothers than fathers, 54.8% 
vs. 17.5%. (t = 4.35, highly significant.) 

Of 98 brothers of patients with N.C.A., 13.3% had the same diagnosis. 
This compares with no cases in 83 brothers of the healthy control subjects 
(significance ratio, ¢ = 3.33). 

Of 99 sisters of patients with chronic N.C.A., 12.1% are affected, as com- 
pared with zero per cent in the healthy control series. This difference (cf. 
tables 2, 3) is significant (¢ = 3.43). 

At least one case of N.C.A. in addition to the index case appeared in the 
family (parents or siblings) of 67.2% of 58 families of men with chronic N.C.A. 
When ‘probable’ cases were included, 74.1% of 58 men with chronic N.C.A. 
showed at least one affected relative. 

These data show that there is a highly significant excess frequency of N.C.A. 
in parents, siblings and families of patients with chronic N.C.A. 


Prevalence of N.C.A. in relatives of patients with acute N.C.A. 


There were but few cases of the disorder in relatives of men with acute 
N.C.A. (fig. 1, table 2): 4 cases in mothers, 4 cases in brothers, and 1 case in 
a father. There was no significant difference between the control subjects and 
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1A. Summary of data on neurocirculatory asthenia in the families of 67 chronic N.C.A. 


and 44 acute N.C.A. patients. 
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acute neurocirculatory asthenia patients with regard to prevalence of N.C.A. 
among the relatives, except in brothers. 

N.C.A. appeared in a member of the family other than the patient in 8 or 
20% of the 40 families. This contrasts with 1 case in 1.9% of families of the 
healthy control subjects (¢ = 2.96). 


00 


Jou 


NORMAL CONTROLS 


SI6SH IP 
pou 


QO 
0 
0 


D0 
0 


O- 


O 
go 


oo00000Q-0000: 


oo 


-oogoo0 


Qo 


.000 Q 

O° 


2) 
= 


DOOO 
0000-00 
Q000:0 
00 


qq 


ooooo0000000 
0° OO 


*goO O 


S000000000000000 


| 
2 
2 
2 
2 
2 
2 
2 
2 


ogoocoad 


= 
Dooo go 


9 


CONVALESCEN 


a 


Q coc OO O 
- oD 00 


ooo0c0000 
O@00000909 


0@@000000 


Fic. 1B. Summary of data on neurocirculatory asthenia in the families of 54 healthy controls 
and 18 convalescent controls, 


The data thus suggest a slight, but definite, familial prevalence of N.C.A. 
in families and brothers of patients with acute N.C.A., if one can assume that 
not many cases of chronic N.C.A. were erroneously included. 


Prevalence of N.C.A. in relatives of patients with chronic N.C.A. and 
acute N.C.A. 


It can be seen from table 2 that, for all classes of relationship, the frequency 
of N.C.A. is higher in relatives of patients with chronic N.C.A. than in those 
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with acute N.C.A. The excess is statistically significant in all classes, excepting 
brothers (table 3). 


TABLE 2, FREQUENCIES OF NEUROCIRCULATORY ASTHENIA (ANXIETY NEUROSIS, EFFORT SYNDROME) 
IN RELATIVES OF PATIENTS WITH N.C.A. AND OF CONTROL SUBJECTS 


SOURCE OF INDEX CASE 67 PATIENTS WITH 44 PATIENTS WITH | 18 CONVALESCENT 54 HEALTHY 


CHRONIC N.C.A. ACUTE N.C.A. CONTROL SUBJECTS | CONTROL SUBJECTS 
‘ Affected Affected 
Family member or family Total Total _| 
group in tabulation no. 


Fathers 
Mothers 
Sibs 
Brothers. . . 
Sisters 


| 


Families 

Sibs in families with no 
affected parents...... 

Sibs in families with 1 
affected parent........ 

Sibs in families with both 
parents affected . 


Mean no. of sibs per fam- 


3.32 
Mean age of index case 


26.86 24.61 | 24.13 


Only parents and sibs above 18 years of age for whom adequate data on N.C.A. status are avail- 
able are included in the calculations. Families with one or both parents of unknown status are 
excluded. ““Mean number of sibs per family” includes the index case, plus all known sibs of age 18 
years or over. Index cases are also counted in the frequency data for “sibs,” but not for “brothers.” 


TABLE 3, COMPARISON OF PERCENTAGES OF AFFECTED RELATIVES FOR CHRONIC N.C.A. PATIENTS, 
ACUTE N.C.A. PATIENTS, AND HEALTHY CONTROLS 


PERCENTAGE AFFECTED RELATIVES t-RATIO FOR DIFFERENCES 


CLASS OF RELATIVES Chronic Healthy 
N.C.A. controls 


patients patients 
(A) B) 
Fathers. . 
Mothers F 54. 
Brothers 13. 
Sisters $2. 
Families. . . 67. 


* Statistically significant difference. 


This demonstrates that more relatives and families are affected in chronic 
N.C.A. than in the acute form of the disorder, and serves as further evidence 
for the validity of the separation between the two disease types. 


63 2.4] 18 0 54/01/10 
| 62 | 34/54.8) 41/ 4] 9.8] 18 16.7| 54| 
ape 264 92 | 34.8 146 | 48 | 32.9 | 48 6.3 | 228 2 | 0.9 
98/13) 13.3) 47) 4) 8.5} 12 0 83/0/10 
99! 12! 12.1! 55| 0}; oO | 18 0 
58 | 39 | 67.2 | 40| 8 16:7 36) 
102 | 28 | 27.5 | 113 | 38 | 33.6|40/ 0 | | 225/ 2/|0.9 
106 | 40 | 37.7| 18| 6 8| 3 137.5| 3/0/0 
| 
| 
A-B A-C B-C 
(C) 
0 2.38* 3.23* 1.14 
| 1.9 | 4.64* 6.20* 1.71 
0 | 0.83 | 3.33* 2.70* 
0 2.69* | 3.43* 0 
1.9 | 4.60* 7.22* 2.96* 
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Prevalence of N.C.A. plus ‘probable N.C.A.’ in relatives of patients 
with chronic N.C.A. 


Tabulations were made (table 4) estimating the prevalence of N.C.A. when 
‘probable’ cases were added to cases of N.C.A. in fathers, mothers, brothers 
and sisters (table 4-II). There was but little difference in the prevalence of 
N.C.A. alone and N.C.A. and probable N.C.A. taken together. None of these 
slight differences was statistically significant. Thus, adding the probable cases 
into the calculations makes no practical difference in the results. 


TABLE 4. 67 FamILies OF CHRONIC N.C.A. PATIENTS. FREQUENCIES AMONG RELATIVES OF: (I) 
NEUROCIRCULATORY ASTHENIA; (II) Propasre N.C.A. pitus N.C.A.; (III) N.C.A. 
ALCOHOLISM; (IV) N.C.A. PLUS PROBABLE N.C.A. pLus ALCOHOLISM 


IV 


TYPE OF DISORDER TABULATED i III = a 
IN FAMILY MEMBER OR FAMILY N.C.A. PLUS PROBA- | N.C.A. PLUS ALCO. | PROB: 
GROUP” BLE N.C.A. HOLISM PLUS ALCOHOLISM 
Total Affected Total Affected Total A. Total 
| No. | No. % | No. % | No. % 

Fathers. . aad 63 | 11 | 17.5 | 63 | 17 | 27.0 | 63 | 22 | 34.9 | 63 | 26 | 41.3 
Mothers. .. ' 62 | 34 | 54.8 | 62 | 37 | 59.7 | 62 | 34! 54.8 | 62 | 37 | 59.7 
MII, 5 ences tvckces 98 | 13 | 13.3 | 98 | 18 | 18.4 | 98 | 18 , 18.4 | 98 | 22 | 22.4 
ee : 99 | 12 | 12.1 | 99 | 18 | 18.2 | 99 | 12 | 12.1 | 99 | 18 | 18.2 
Families—0 affected par- 

ents... 58 | 23 | 39.7 | 58 | 18 | 31.0 | 58 | 16 | 27.6 | 58 | 12 | 20.7 
Families—1 affected par- 

ent. . 58 | 28 | 48.3 | 58 | 29 | 50.0 | 58 | 31 | 53.4 | 58 | 32 | 55.2 
Families—2 affected par- 

58 | 7 | 12.0 | 58 | 11 | 19.0) 58 | 11 | 19.0 | 58 | 14 | 24.1 
Sibs in families with 0 af- 

fected parents. . 102 | 28 | 27.5 | 74 | 21 | 28.4 | 67 | 24 | 35.8 | 48 | 15 | 31.3 
Sibs in families with 1 af- 

fected parent... ... 106 | 40 | 37.7 (118 | 51 | 43.2 1126 | 41 | 32.5 |132 | 52 | 39.4 
Sibs in families with 2 af- | 

fected parents.......... 21 | 13 | 61.9 | 37 | 20 | 54.1 | 36 | 21 | 58.3 | 49 | 29 | 59.2 


Mean number of children per family = 3.94. 
Mean age of patients (index cases) = 27.21 years. 


Observations on convalescent war wound patients 


The familial prevalence of N.C.A. for control patients convalescing from 
osteomyelitis was studied. The purpose was to determine whether sickness, 
hospitalization and convalescence not due to N.C.A. could so affect a man’s 
attitude or memory that he would describe a high prevalence of N.C.A. or 
symptoms of the disorder in his relatives. Observations were made on 25 
patients. Adequate family data were obtained in 18 of those cases. Three of 
the control patients in this group were diagnosed N.C.A. This was believed 
to have existed before the recent illness with, and convalescence from, osteo- 
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myelitis. It is of interest that the mothers of those 3 men were also affected. 
For the sake of avoiding one type of complication these cases were all retained 
in the convalescent group. They furnish further evidence for the familial 
prevalence of N.C.A. In the other 15 cases, no relatives with N.C.A. were de- 
scribed by the control patients. 

It was concluded that symptoms in patients do not necessarily lead the 
patients to describe more symptoms of neurocirculatory asthenia in relatives 
than do healthy control subjects. 


Prevalence of N.C.A. in all sons and daughters in relation to number 
of affected parents 


In families of cases with chronic N.C.A. where no parents had N.C.A. 
(table 2) only 27.5% of the children were affected. Since these families averaged 
3.94 children, this 27.5% represents little more than the index case; that is, 
the index case is affected, and, on an average, 3 sibs are not. Actually only 5 
of 79 sibs had neurocirculatory asthenia (table 4). This shows that where there 
are no affected parents, there are almost no affected brothers and sisters. There 
is slight evidence of a familial tendency in these families. 

7.7% of the children are affected; when 2 parents 


When 1 parent is affected, 37.7 
are affected, 61.9% of the children are affected. The difference between the 
prevalence of affected children when both parents are affected is significant 
both as compared with those families where no parents are affected (¢ = 3.05) 
and as compared with families where 1 parent is affected (t = 2.05). The differ- 
ence between the prevalence of neurocirculatory asthenia in the children of 
1-parent families and no-parent families is not significant (¢ = 1.58). 

When index cases are omitted, the proportion of affected sibs (‘‘secondary 
attack rate’’) is: for families with no affected parents, 5 out of 79 or 6.33%; 
for families with 1 affected parent, 12 out of 78 or 15.38%; for families with 
2 affected parents, 6 out of 14 cases or 42.86%. The significance ratios between 
these proportions are: no parent vs. 1 parent, ! = 1.82; no parent vs. 2 parents, 
t = 3.90; 1 parent vs. 2 parents, ¢ = 2.39. 

In acute neurocirculatory asthenia, the “secondary attack rate’ is 2.7% 
when no parents are affected, 5.6% when 1 parent is affected. 

In the acute N.C.A. patients, 33.6% of children in no-parent families were 
affected as compared with the almost identical 33.3% in families with 1 affected 
parent. 

There is no striking change in percentage of affected sibs in the no affected 
parents, 1 affected parent and 2 affected parents groups when ‘probable’ cases 
and ‘alcoholic’ cases are included in the calculations (table 4). The slight differ- 
ences are not significant (¢ = 0.48, 0.26, 0.22, resp.). 

These data show that when 2 parents are affected there are more cases 
affected in their children than when only 1 parent is affected. When no parent 
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is affected, neurocirculatory asthenia scarcely appears in the children except 
in the index case. 


Alcoholism in relatives: Observations as to its prevalence and calculations 
assuming that alcoholic relatives might be cases of N.C.A. 


More cases of alcoholism (table 4) appeared in fathers and brothers of 
patients with chronic N.C.A. than in fathers and brothers of comparable con- 
trol subjects. There were 12 alcoholic fathers in the 63 fathers of chronic 
N.C.A. patients and 5 alcoholic brothers among 98 in the chronic N.C.A. 
group; this contrasted with 2 cases in the 54 fathers of the healthy controls 
and 1 case in the 83 brothers of healthy controls. This shows that there is 
significantly more alcoholism in fathers of N.C.A. patients than in fathers 
of healthy control subjects. When calculations were made assuming that 
alcoholic fathers and brothers were really cases of neurocirculatory asthenia, 
this significantly raised the number of affected fathers to 34.9% (table 4—II1) 
a level approaching the ideal 50% demanded by a disorder which was a Men- 
delian dominant with a single gene invoived. 

Using this assumption, 35.8% of the children of no affected parents would 
show N.C.A., 32.5% of 1-affected-parent families and 58.3% of 2-affected- 
parent families. 

These data suggest the possibility that cases labelled ‘“‘alcoholism” might 
really be cases of neurocirculatory asthenia (anxiety neurosis, effort syndrome) 
and that such cases should be studied directly, and in detail, to rule in or out 
that possibility. 


Prevalence of N.C.A. in spouses of affected parents 


In families of chronic N.C.A. patients, when both parents are known, 7 of 
31 mothers with N.C.A. had affected husbands, i.e., 22.58% (fig. 1). Of 11 
fathers with N.C.A., 7 had affected spouses, i.e., 63.64%. This high frequency 
of the disorder among spouses of affected parents differs significantly from 
its estimated frequency (13) of 5.6% in the general population. The signifi- 
cance ratio of the difference from the general population incidence is, in wives 
of affected husbands, ¢ = 6.87; in husbands of affected wives, t = 3.37. The 
numbers involved are small for final conclusions. 

In families of acute N.C.A. no cases were noted with both parents affected 


(fig. 1). 
Birth order and contiguity of affected individuals within sibships 
Sibships were examined to determine: 1) whether there were more affected 
individuals in any position of birth order in the family than could be explained 


by random distribution, 2) whether affected sibs occurred in succession more 
often than would be expected by chance. 
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37.87% of 66 first children were affected; 37.09% of 62 second children; 
40.42% of 47 third children; 22.85% of 35 fourth children and 30.43% of 23 
fifth children (fig. 1). The percentage of all affected sibs was 34.8%. 

Analysis of the data for order of birth of affected members of a sibship was 
undertaken by means of the long-table method of Pearson (4), as shown in 
table 5. In this table, all twins are excluded, as well as all sibs who had not 
reached the age of 18 years. When such sibs were excluded, the next one as- 
sumed the position of the excluded sib. This same calculation done with each 
sib retaining his actual birth position in the table gave approximately the same 
result and led to the same conclusions. 


TABLE 5. ORDER OF BIRTH OF AFFECTED MEMBERS OF THE SIBSHIPS 


The table includes the index cases and all affected sibs who lived to the age of 18 years or over. 
Twins are excluded. 


ORDER OF SIZE OF SIBSHIP, $ TOTAL TOTAL 
NUMBER NUMBER 
eatcineail | | 10 OBSERVED EXPECTED 
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From this analysis it was concluded that order of birth is not a factor in 
the occurrence of the disorder. 

An affected case with chronic N.C.A. is followed immediately by an affected 
case in 13 of 65 cases, that is 20% of the time, with a standard error of +4.96%. 
A method of calculation (6) which takes into account family size and the 
overall proportion of affected cases of 0.348 gives the expected number of 
contiguous cases as 22.5. This shows that an affected case does not follow 
immediately another affected case more often than might be expected by 
chance. 

It can be concluded that there is random distribution of affected cases in 
the fraternities; this is believed by some investigators to be evidence for the 
hereditary nature of a disease (5). 


Comparison of information from histories and from direct examination 


In 15 instances, direct examination of the relative was made, in addition 
to eliciting information about that relative from the patient. In 13 cases, the 
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presence or absence of neurocirculatory asthenia, as evidenced from the pa- 
tient’s history, was confirmed by direct examination. These data showed that 
history diagnosis agreed with the examination diagnosis in 87% of these 
cases when the comparison was made. The histories of 2 relatives suggested 
that they did not have the disorder; examinations proved that they did have 
it. These data are obviously insufficient for complete validation of the history 
method. It is possible even that more data might reveal a consistent error in 
the direction of too few cases diagnosed by the history method. 

It was concluded from these comparisons that although there was good 
agreement in diagnoses arrived at by history and by direct examination in a 
few cases, a study with direct examination as in our second study (19) was 
necessary. 


Comparison of results of two diagnostic methods: Clinical method vs. 
Systemat%c method 


When the usual clinical method was used as a basis of diagnosis of 70 cases 
of chronic N.C.A., the proportions of diagnoses arrived at were: affected 
fathers, 20.0%; affected mothers, 45.7%, and affected brothers and sisters, 
13.2%. These do not differ materially (significance ratios, respectively: 0.37, 
1.05, 0.14) from the proportions arrived at by the method described in table 1 
and reported in table 2. 

This shows that the results of the systematic method of diagnosis agree 
with those of the usual clinical method in which the physician arrives at a 
diagnosis without resort to a systematic tabulation of symptoms. 


Testing the data of chronic N.C.A. under various 
genetic hypotheses 


A. Simple Dominance (Single Dominant Gene Substitution) 


Affected parents: Table 4 and figure 1 show that 39.7% of the families have 
no affected parents. There should be no families without affected parents in 
simple dominant heredity, unless the disorder has “low penetrance’”’ (i.e., 
some abnormal genotypes are not affected phenotypes). 

A ffected sibs: When no parents are affected, 27.5% of the sibs are aflected; 
5 cases in addition to the index cases are affected. For the simple dominant, 
no cases in children should be affected unless 1 parent is affected. When | 
parent is affected, 37.7% of the sibs are affected; when 2 parents are affected, 
61.9% of the children are affected. Although these proportions approximate 
the ideal proportions of 50% and 75% respectively and show no significant 
deviation from these proportions (x? = 1.8, 0.91), they do not take into ac- 
count the families with no affected cases. When adjustments are made (11) 
for the distribution p = 3, g = 3 (affected 50%, non-affected 50%), the ob- 
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served number of cases, 40, is significantly lower (¢ = 4.1) than the number 
demanded by the hypothesis: 58.64 (table 6). 

Sex proportions: The number of affected mothers (54.8%) is significantly 
higher than the number of affected fathers (17.5%). In the simple dominant 
the proportion of affected mothers and fathers should be equal. The proportion 
of affected sisters does not differ from the proportion of affected brothers of 
the index case. 

Expressivity and penetrance: An assumption of variable expressivity or low 
penetrance would be necessary to fit these data to the dominant pattern. 

Genetic plus constant environmental factor: No observations were made in 
this study that might demonstrate the combination of a definite genetic pat- 
tern and a constant environmental factor determining the disorder. 


B. Simple Recessive (Single Recessive Gene Substitution) 


Affected parents: If this disorder were a recessive with single gene substitu- 
tion the expected proportion of families with 0, 1 and 2 affected parents would 
be as shown in table 7 for 3 different assumed incidences of the disorder. There 
is poor agreement with the observed proportions, where 1-parent-affected 
families predominate; under recessive inheritance 0-affected parent families 
should predominate. 

Affected sibs: When neither parent is affected, the expected number of af- 
fected sibs, when family size and the index case are included in the calcula- 
tion, is 35.96 affected cases as compared with the observed number of 28 cases. 
This deviation is significant and does not support the hypothesis. For 1 affected 
parent the expected number is 64.8, compared with the observed number of 
44; this discrepancy is significant. For 2 affected parents all children should 
be affected, against the 13 (61.9%) observed. These data do not fit the expec- 
tations of recessive inheritance. 


C. Double Dominance (Double Dominant Gene Substitution) 


Affected parents: 39.7% of families have no affected parent, and 48.3% have 
1 affected parent. The double dominant pattern shows the proportion of 
families with no parents affected and those with 1 parent affected as in table 
7. This fits the observed data better than does the recessive hypothesis. The 
expected proportions 61.50% and 63.41% deviate from the observed values. 
The others do not. The observed proportions of families with 2 affected parents 
is too high to fit the hypothesis, assuming random mating (10). 

Affected sibs: For no affected parents, the numbers of cases calculated ac- 
cording to hypothesis, namely 35.9, 37.2, 38.6, are significantly higher than 
the observed number of 28. For 1 affected parent the numbers calculated 
from hypothesis are 43.6, 46.5 and 48.2, and only the last deviates signifi- 
cantly from the observed number of 40 (table 6). For 2-affected-parent 
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families there is close correspondence between the observed number of cases, 
13, and the calculated expected numbers of 13.4, 13.9 and 14.2. These differ- 
ences are not significant, but the numbers are small. 


TABLE 6. COMPARISON OF OBSERVED AND EXPECTED NUMBERS OF SIBS WITH N.C.A. 
For each genetic hypothesis, expected frequencies are corrected for sibship size and for necessary 
inclusion of at least one affected member. 


(a) Both Parents Normal 


NUMBER AFFECTED SIBS EXPECTED 


AFFECTED SIBS | Recessive 


tp = 0.25 | 


Ns | OBSERVED - 
% id | 5.6% 
0.263 . p = 0.286 


SCOONA UNEP 


Totals... ...........| 


35.962 | 37.2020 


Significance ratio, ¢ | 2.6 


(b) One Parent Affected 


NUMBER AFFECTED SIBS EXPECTED 


NUMBER NUMBER Double Dominant, with assumed 
OF SUBSHIPS AFFECTED siBs | Recessive or incidence of 
| Ns OBSERVED De t 


SIZE OF SIBSHIP 


ocr NR 


— 


3.5208 : 4.1580 


43.6074 .4950 | 48.2378 


1.0 


1 
1.000 | 1.0000 1.0000 1.0000 | 
5.715 | 5.8080 | 5.9260 | 6.0100 s 
| 2.504 | 2.6628 | 2.7420 | 2.7954 
8.778 | 9.0696 | 9.4032 | 9.6240 
| 3.278 | 3.4040 | 3.5460 | 3.6400 ‘ 
| 5.475 | 5.7060 | 5.9652 | 6.1347 
| 4.040 | 4.2210 4.4240 | 4.5570 : 
2.433 | 2.5506 | 2.6820 | 2.7675 

1 | | 2.649 | 2.7800 | 2.9260 | 3.0220 
| 38.6144 | 39.5506 

2.9 | 3.4 
| 
tp= 0.50 1% 3.6% 5.6% é . 
| p = 0.2857 | p = 0.3189 | p = 0.3380 : 
| 2 | 2.000 | 2.0000 | 2.0000 | 2.0000 0 
7 | 7.998 | 7.0968 | 7.3452 | 7.5048 
13.712 | 11.0016 | 11.5902 | 11.9688 B 
| 6 | 6.399 | 4.7364 | 5.0664 | 5.2644 
7 | 12.905 | 8.9650 | 9.6950 | 10.1275 
4 6.096 | 4.0356 | 4.3902 | 4.6152 
1 3.528 | 2.2512 | 2.4696 | 2.5991 p 

10 0 im de 

12 1 3 6.00. 
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TABLE 6—Continued 
(c) Both Parents A ffected 


NUMBER AFFECTED SIBS EXPECTED* 


NUMBER i+ 
. NUMBER Double Dominant, with assumed 
SIZE OF SIBSHIP | | AFFECTED | incidence of 

SIBS Dominant Recessive 


OBSERVED tp= 0.75 p=! 


1% 3.6% 5.6% 
p = 0.5816 | p = 0.6016 | p = 0.6140 


4.2618 .3812 
3.7914 .9270 
2.4132 
2.9590 .0805 


Totals ads 7 21.000 13.4254 .8971 


Significance ratio, ¢.. ‘ 0.2 0.5 0.7 


* The expected number of affected sibs, for each genetic hypothesis, was calculated in accordance 
with principles and formulae given in references 7, 8, 9, 10. Gene frequencies used in evaluating 
these expected frequencies were based on assumed incidences of the disease of 1%, 3.6%, and 5.6% 
as suggested by a small populational survey (18); for the hypothesis of “double dominant”’ inheri- 
tance, the 2 dominant genes are assumed to be equally frequent. 

+ The expected proportion of affected offspring for each class of mating (0, 1, 2 affected parents) 
is designated as p. 


TABLE 7. COMPARISON OF OBSERVED AND EXPECTED PERCENTAGES OF MATINGS UNDER HYPOTHESIS 
OF RECESSIVE INHERITANCE AND OF DOUBLE DOMINANT INHERITANCE 


Values beneath percentages (in parentheses) are significance ratios (¢) for differences between 
observed and expected percentages. 


JEXPECTED FREQUENCY (PER CENT), ASSUMING 


OBSERVED — 
TYPE OF MATING FREQUENCY OF Recessive inheritance with | Double dominant inheritance with 
MATINGS, incidence of incidence of 
PER CENT | 


5.6% 


Neither parent affect- 39. 58.4: $2. 
One parent affected a 30. 35: 56.2: : 63. 
(2. 

(3. 


* All expected percentages deviate significantly from the observed percentages under the hy- 
pothesis of recessive inheritance. 

t For each of the 2 genetic hypotheses, the expected proportions of the 3 kinds of mating are 
calculated on the basis of gene frequency estimates evaluated for the three different assumed inci- 
dences of the disorder (18). 


The observed proportion of afiected siblings, then, is too low for the 0- 
parent-affected family but corresponds fairly well with the expected numbers 
in 1-parent-affected and 2-parent-affected families. 

Sex proportions: The excess of mothers as compared to fathers does not 
fit this hypothesis. 
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2 3 5 4.800 6.000 4.4706 

3 2 4 4.572 6.000 4.0236 

4 1 3 3.012 4.000 2.5782 

5 1 1 3.754 5.000 3.1665 

14.2359 

1.0% 3.6% 5.6% 1.0% 3.6% TY 

71 

1) 

41 

4) 

88 
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D. Sex-Linked Heredity 


Sex-linked recessive: This pattern should show: 1) no affected daughters of 
non-afiected parents; 2) that when the mother is affected and the father not, 
all the sons should be affected and none of the daughters; 3) that when both 
parents are affected, all children should be affected. 

The data (fig. 1) corresponding to these laws show: 1) 1 affected daughter 
in 42 daughters of non-affected parents; 2) of an affected mother and non- 
affected father, 32 of 65 sons are affected, and 8 of 33 daughters are affected; 
3) 2 affected parents yield 21 affected and 13 non-affected children. The data 
obviously do not correspond to the pattern of recessive sex-linked heredity. 

Sex-linked dominant: Clinical data (12) show about twice as many female 
patients as male patients. This is consistent with the possibility of the sex- 
linked dominant pattern, where approximately twice as many women are 
uffected as men if the gene in question is relatively rare. The proportion of 
affected sons in this study is biased by the fact that all index cases are males; 
excluding them, the proportion of affected brothers is the same as affected 
sisters. 

A ffected parents: Every afiected person should have at least 1 affected parent: 
This is not true in 34.8% of the cases here. 

Affected sibs: Affected fathers with non-affected wives should have only 
affected daughters and normal sons. Figure 1 shows 6 affected sons of 12 and 
no affected daughters of 18 when the father is affected and not the mother. 
These data contradict the hypothesis of sex-linked dominant inheritance. 


Analysis including cases of probable neurocirculatory asthenia and 
alcoholism 


Table 8 shows that when analysis of data is made, including brothers, 
sisters and parents with ‘probable N.C.A.’ and alcoholism as cases of neuro- 
circulatory asthenia (table 4—IV) there is close correspondence between 
the total observed number of affected cases and the total number expected 
from double dominant hypothesis. There were no significant deviations for 
no-parent-, 1-parent- and 2-parent-affected families. There were no signifi- 
cant deviations from proportions using gene frequency assumptions of 0.05, 
0.1, and 0.13, closest correspondence being present for 0.05 gene frequency. 

Single dominant or single recessive hypotheses do not fit the facts. 

It is concluded that the possibilities suggested by these data should be 
taken seriously as a basis for further work; that the number of unproved 
assumptions in these calculations, however, should lead to caution in inter- 
preting the results. 


Testing the data of acute N.C.A. under various genetic hypotheses 


Table 3 shows that it is suggestive but not definite that acute neurocircula- 
tory asthenia runs in families. 
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For no parents affected there were 38 cases, 35 of which were index cases. 
The number expected by the single recessive hypothesis would be 47.5 and 
by the double dominant, with assumed gene frequency 0.13, 51.1, both of 
which are quite high. If the data are analyzed for the possibility of double 


TABLE 8. COMPARISON OF OBSERVED AND EXPECTED NUMBERS OF SIBS WITH N.C.A., INCLUDING 
‘PROBABLE N.C.A.’ AND ‘ALCOHOLISM’ AS AFFECTED 


This table represents a reworking of the sibship analysis presented in detail in table 6, but re- 
classifying all parents and sibs by inclusion of ‘probable N.C.A.’ and ‘alcoholism’ cases among the 
affected. Only the totals (for sibships of all sizes) and the ¢-values are given here. The observed 
totals in tables 6 and 8 do not agree, owing to reclassification of parents as well as sibs. 


(a) Both Parents Normal 


NUMBER AFFECTED SIBS EXPECTED 


NUMBER NUMBER Double Dominant, with assumed 
SIBSHIPS (ALL SIZES) OF SIBSHIPS AFFECTED SIBS incidence o 


Recessiv 
Ns OBSERVED 


5.6% 
p = 0.286 


Totals 17.804 18.3780 19.0380 19.4785 


Significance ratio, ! 1.4 8 


(b) One Parent A ffected 


NUMBER AFFECTED SIBS EXPECTED 


NUMBER | NUMBER Double Dominant, with assumed 
SIBSHIPS (ALL SIZES OF SIBSHIPS \FFECTED sIBs | Recessive or incidence of 
Ns OBSERVED Dominant 
p = 0.50 1% 3.6% 5.6% 
p = 0.2857 | p = 0.3189 | p = 0.3380 


72.063 | 52.3010 55.9875 58.2010 


Significance ratio, ¢ 3.9 0.1 0.9 1.4 
(c) Both Parents A ffected 


NUMBER AFFECTED SIBS EXPECTED 
NUMBER OF | NUMBER AF- Double Dominant, with assumed 


SIBSHIPS (ALL SIZES SIBSHIPS | FECTED SIBS incidence of 


Dominant | Recessiv 


p = 9.75 


1% 3.6% 5.6% 


p = 9.5816 p = 0.6016  p = 0.6140 
Totals 2 35.144 46 28.9356 | 29.9864 | 30.7354 


Significance ratio, ¢... : Q 0.02 0.3 0.6 


recessive gene hypothesis with an assumed p = 0.0625, the expected number 
of affected cases would be 37.7; for the triple dominant hypothesis, 40.53. 
For 1 parent affected, there are but few cases, 6 observed; 7.0 are expected 
from the double recessive hypothesis (p assumed to be 0.25), and 5.9 cases 
are expected from the triple dominant hypothesis (p assumed to be © 125). 

No conclusions can be drawn from these calculations. They suggest that 


Totals 32 52 
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if acute N.C.A. is genetically determined, the pattern is closer to the triple 
dominant and double recessive pattern than it is t> the simpler genetic pat- 
terns. Further observations and calculations are required for any definite 
conclusions about acute neurocirculatory asthenia. 


DISCUSSION AND SPECULATION 


The data, within the assumptions of the diagnosis, prove that the disorder 
runs in families. It should be emphasized that the definition of the disorder, 
its accurate diagnosis and its separation from or identification with other 
disorders are subject to the limitation that at present there are no conclusive, 
well-established objective diagnostic tests. It is possible that objective tests, 
as described in another report (12), may obviate the difficulty in future work; 
for the present, however, this is a definite source of uncertainty in work on 
all disease where the patient’s symptoms and signs govern the diagnosis, and 
where more reliable tests such as specific objective tests, biopsy or autopsy 
abnormalities are not established. 

Some of the unreliability of the symptom method of diagnosis was eliminated 
by using a systematic scheme of diagnosis (table 1) which was applied rigidly 
to relatives of patients and controls alike. Although this provides more pre- 
cision it does introduce an artificial rigidity to the problem of clinical diagnosis. 
However, the fact that the proportion of diagnoses of N.C.A. made by “‘clinical 
impression” approximated closely the systematic scheme of diagnosis led to 
the conclusion that both approaches yielded similar diagnostic information. 

Further, most of the data came indirectly via the patient’s verbal descrip- 
tion of a relative. The question arises whether the relatives really had those 
symptoms or whether the patients, either through such processes as false 
emphasis or false memory, or through ideas associated with being discharged 
from military service, might have assigned to relatives symptoms which in 
fact did not exist. The incomplete study comparing second-hand with first- 
hand information showed good agreement in diagnoses from both sources; 
the discrepancy is on the side of more affected in the examined group. Also, 
it should be added that relatives were examined directly in a second study 
(18) done in this laboratory. That study demonstrated that on direct examina- 
tion 48.6% of 37 sons and daughters of civilian families with neurocirculatory 
asthenic parents were affected. Thus, both indirect and direct evidence show 
that there is high familial prevalence of the disorder. 

Did these patients suffer from the same disorder as the patients referred 
to by various authors whose opinions are summarized in table 9 under different 
diagnostic terms? As far as those authors describe their cases clinically their 
patients resemble the cases reported here. Since most of the authors presented 
the minimum of diagnostic details no definite conclusion about the identity 
or non-identity of the disorder they were describing with that of this report 
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TABLE 9. OPINIONS AND CONCLUSIONS CONCERNING THE FAMILIAL PREVALENCE OF 
NEUROCIRCULATORY ASTHENIA (ANXIETY NEUROSIS, EFFORT SYNDROME) 


WERE 
CASES ARE 
STUDIED CONCLU- 
TOTAL NUM- FROM SIONS 
BER OF FAMILIAL BASED ON 
CASES STAND- DATA PRE- 
DATE AUTHOR TERMINOLOGY REPORTED POINT? SENTED? 
1869 Beard (19) Nervous Exhaustion 0 No No 
(Neurasthenia) 
“Hereditary descent terribly predisposes to neurasthenia.” 
1871 Da Costa (20) Irritable Heart 200 No No 
No comments on familial appearances. 
1895 Freud (21) Angstneurose 0 No No 
‘*.. In some cases no etiology can be readily ascertained ...in such cases it is seldom difficult 
to demonstrate a marked hereditary taint... .” 
1899 Savill (22) Neurasthenia 0 No No 
“general hereditary taint” 
1902 Hartenburg (23) Néorose d’ Angoisse 58 No No 
One family had nervousness in mother and father. 
1907 Savill (24) Neurasthenia 205 No No 
“... heredity as a predisposing cause of neurasthenia may and does sometimes act... .” 
1911 Ballet (25) Neurasthenia 0 No No 
‘“’.. The proportion of neurasthenics in whose antecedents one finds hereditary taints more or 
less marked may be estimated at 40%.” 
1917 Heckel (26) Névrose d’ Angoisse 0 No No 
“There is not the least doubt of familial predisposition.” 

1918 Lewis (27) Effort Syndrome 558 No No 
“One of the largest groups is that of constitutional weakness, nervous, or physical or both.” 
1918 Oppenheimer, Levine, Neurocirculatory Asthenia 558 No No 

Morrison, Rothschild, 
St. Lawrence, Wilson 
(28) 
‘“,. must lay stress on the importance of a complete anamnesis . . . even at times including family 
history.” 
1918 Oppenheimer, Rothschild Irritable Heart 100 Yes Yes 
(29) 


Family history shows that there is more nervousness, alcoholism, irritability, insanity, tuber- 
culosis, epilepsy and stigmata in parents than there is in family history of Wolfsohn’s controls. 


1918 Robey and Boas (30) Neurocirculatory Asthenia 89 No No 
“The vast majority of the patients give a family history of nervous disorder.” 
1925 Myerson (31) Neurasthenia 0 No No 


“... that ‘some’ people ‘are’ predisposed to neurasthenia in that from the first days of their lives 
they showed lowered energy and endurance, irritability, emotional unrest, etc... .” 
1940 Lewis (32) Effort Syndrome 860 No No 

“One of the largest groups is that of constitutional weakness, nervous or physical or both...” 
“Many show defective physical development ... The defects are certainly derived from both 
hereditary and acquired sources.” 
1941 Wood (33) Da Costa’s Syndrome 265 Yes Yes 

41.9% of patients have family history of “neuroses” or “nerves” as compared with 9.6% in con- 
trols. 


) 
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TABLE 9—Continued 


WERE 
CASES 
TOTAL STUDIED ARE 
NUMBER FROM CONCLU- 
OF FAM- SIONS 
CASES ILIAL BASED ON 
RE- STAND- DATA PRE- 
DATE AUTHOR TERMINOLOGY PORTED POINT? SENTED? 
1942 Brown (34) Anxiety State 63 Yes Partly 


Anxiety state appeared in 21.4% of parents and 12.3% of siblings as compared with 0% and 0% 
respectively in controls. Concludes that three types of neurosis, i.e. “anxiety state,” “hysteria” 
and “obsessional state” are “genetically related,” although his published data do not support 
this. 

1943 Slater (35) Anxiety Neurosis 647 Yes Yes 

56.7% of patients had “general positive family history,” i.e., there was definite neurotic illness, 
psychosis, epilepsy, psychopathy (drunkenness, shiftlessness, violent or brutal habits). No data 
on control subjects. Concludes: “The neurotic constitution is then a useful hypothesis. . . .” 
1946 Cohen, Badal, Johnson, Neurocirculatory Asthenia, 70 Yes Yes 

Chapman, White (1) Effort Syndrome, Anx- 
iety Neurosis. 

The disorder occurred in 47% of mothers, 40% of fathers and 13.2% of brothers and sisters of 
patients as compared with 0%, 4.9% and 0% in normal controls. 

1948 Wheeler, White, Reed, Neurocirculatory Asthenia, 50 Yes Yes 
Cohen (18) Effort Syndrome, Anx- 
iety Neurosis 

Prevalence in sons and daughters of patients is 48.6% as compared with prevalence of 5.6% in 

general population of 234 healthy controls. 
1948 Cohen, White, Johnson  Neurocirculatory Asthenia, 67 Yes Yes 
(12) Anxiety Neurosis, Effort 
Syndrome; Chronic and 
Acute Types 

Neurocirculatory Asthenia (Anxiety Neurosis, Effort Syndrome) occurs in 18.5% of fathers, 
58.0% of mothers and 12.6% of brothers and sisters of patients with chronic neurocirculatory 
asthenia in contrast to no cases in fathers, mothers, brothers and sisters of 54 control subjects. 


can be reached. It seems likely, as far as it can ever be settled, that the various 
authorities were referring to the same kind of disorder. 

It will be noted from table 9 that little or no data were presented to support 
the conclusions. It should also be noted that most of the authors did not com- 
ment on the occurrence in families of the disorder itself but emphasized 
“hereditary taint,’ nervousness, family history factors other than the dis- 
order itself, such as nervousness, alcoholism, irritability, insanity, tuberculosis 
and epilepsy, ‘‘neuroses’”’ or “nerves,’’ psychopathy, constitutional weakness 
and other assorted factors believed by various authors to be relevant. Those 
terms have been largely undefined and therefore not particularly useful. This 
study was directed chiefly at discovering whether neurocirculatory asthenia 
itself occurred in the relatives of such patients, not at accessory findings. 

The term “constitutional” was avoided in this report as a loose and unserv- 
iceable term. It has been used by some authors who did not define it. Others 
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defined it, but so broadly as to render it meaningless (36, 37). The definitions 
also differ from author to author (28, 32, 35, 38). Pearl (39) points out that 
there are two general usages, a “totality” concept and a “genetic’’ concept, 
and states in referring to Giinther (40), in whose paper 70 definitions are 
recorded, that ‘‘constitution” seems to have “nearly. . .as many meanings, or 
shades of meaning, as the number of persons who have written about it.” It 
is recommended that ‘‘constitution” and ‘‘constitutional,’’ both the terms and 
many of the ill-defined concepts implied by them, be abandoned as having 
too many meanings to have any meaning at all. 

The major purpose of this study was to establish whether the disorder 
neurocirculatory asthenia runs in families. This is quite a different matter 
from the study of the familial prevalence of “‘general neuropathic traits,” or 
the familial prevalence of sickness in general, or other specific medical, psy- 
chiatric or neurologic diseases, although those facts may be related and im- 
portant. The data in these patients on the prevalence of other diseases were 
limited but showed that there was no marked familial prevalence of epilepsy, 
disease leading to psychiatric hospital care, or heart disease in these cases (1). 
In addition, the study of 37 children of neurocirculatory asthenia (anxiety 
neurosis, effort syndrome) parents (18) revealed no evidence of hysteria, de- 
pression or obsessional neurosis in children of parents with N.C.A. although 
there was a high prevalence of N.C.A. in those children. This agrees with the 
data of Brown (34) but does not support his conclusion of “genetic relation- 
ship between the ‘anxiety state’ and the two other ‘psychoneuroses’ (‘hysteria’ 
and obsessional state’).”” The observations presented by that observer do not 
support his conclusions since his data do not show that hysteria or obsessional 
neurosis and depression are more prevalent statistically in relatives of 
“anxiety state” patients than they are in relatives of control subjects. 

The literature (table 9) reveals that the idea that this disorder runs in fami- 
lies is not a new idea, and in the more recent literature (1, 12, 18, 34) data 
are presented to support that point of view. The previous literature does not 
comment on the familial prevalence of acuée neurocirculatory asthenia. The 
present study suggests a probable familial tendency. 

Although the data presented here show clearly that this disorder runs in 
families, they do not settle the problem of whether that is due to a hereditary 
factor, or to some environmental household factor, or to both. This type of 
study could not answer that question conclusively. The random appearance 
of cases as occurs here in a sibship has been described (5, 34) as evidence for 
heredity. This obviously is not conclusive. 

If this disorder were a hereditary disorder what pattern does it follow best? 
It does not fit any pattern exactly. Closest fit is to the dominant or double 
dominant patterns. However, the calculations made depend on certain as- 
sumptions which may not apply in this study. The general prevalence of the 
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disorder should be known; this was approximated in this study at 1%, 3.6% 
and 5.6% for calculation purposes. A general population sample (18) gave the 
latter figure. Two surveys, one American (41) and one British (42), would 
place the top limit for prevalence of all neuroses at 2%. The genetic calcula- 
tions made assume non-assortative mating (10). This seems improbable in 
human beings; the high proportion of parents with affected spouses suggests 
further that this did not occur. There are, incidentally, various possible inter- 
pretations for the high proportion of parents with affected spouses, but no 
crucial data were at hand to explain the finding. 

The number of observed cases should be lower than the expected number in 
this study. First, information from relatives is said (43) to yield a lower num- 
ber of cases than that actually observed on direct examination; secondly, the 
onset of this disorder may occur in many cases (44) in the second and third 
decades of life. Since all subjects over 18 were included, there should be a 
lower number of observed cases than demanded by any genetic hypothesis. 
No attempts were made in this study to correct for that factor. The data, 
when analyzed, suggest that if a hereditary factor were important in the dis- 
order it might be on the basis of a Mendelian dominant with low penetrance, 
which has been claimed by one observer (45) to be the most common mecha- 
nism in human disease, or on the basis of two independent and complementary 
genes (double dominant) whose presence is not manifest without the other. 

Further study is necessary to 1) prove that the disorder is or is not on a 
hereditary basis; 2) prove that it does follow a definite genetic pattern or as- 
sortment of patterns; 3) decide whether probable and alcoholic patients should 
be included; 4) clarify the situation with regard to the acute neurocirculatory 
asthenia. 

The question arises whether the fact that the disorder runs in families can 
be explained on environmental household factors. No data were obtained in 
this study that bear crucially on that point. In an extensive study of neuro- 
circulatory asthenia (1) various possible environmental factors were studied. 
No evidence of infection (12) was found in the patients. Home and persona! 
problems were not present significantly more in patients than in healthy con- 
trols (1). A variety of factors was associated with exacerbations of the illness 
(1), none giving any clue as to specific environmental cause. The possibility 
of simple imitation of a sick relative by another can be excluded since the 
symptoms (table 10) are not identical from case to case in the same family. 
It is sometimes assumed (46) that disorders of this type are “psychogenic” 
in origin. No data were elicited that proved that theory, nor have such data 
been presented by anyone. As a matter of fact, there is no clear-cut evidence 
to date that any disease is “psychogenic,” i.e. caused by personal problems 
and emotion-provoking situations and experiences. 

Before accepting, without adequate evidence, any one idea as to the cause 
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TABLE 10 


SUMMARY OF SYMPTOMS AND DIAGNOSES IN ALL RELATIVES IN ALL FAMILIES CONTAINING 
CASES OF NEUROCIRCULATORY ASTHENIA 


Each paragraph refers to a family. A family consists of the index case, his parents, brothers and 
sisters. The number heading each paragraph refers to the case number as illustrated in figure 1. 
Synopsis of symptoms is given, using for the most part the words of the index case. 


A. FAMILIES OF MEN WITH CHRONIC NEUROCIRCULATORY ASTHENIA 


1. Father: nervous, dizzy, dizzy spells on running and excitement, palpitation, not strong, couldn’t 
work hard, shortness of breath, same trouble as patient, N.C.A. Mother: always nervous, easily 
upset, dizzy spells, nervous shocks, numb hands, always sick, quit work because of fatigue, never 
strong, same trouble as patient, N.C.A, Sister: dizziness when nervous, palpitation,? thyroid, weak- 
ness and lost weight when job got on her nerves, same trouble, N.C.A. Brother: the patient. 

2. Second brother: the patient. 

3. Father: nervous inwardly, catches breath, N.C.A. Mother: goes to pieces, can’t sleep or eat 
when nervous, can’t stand heart when excited, high blood pressure, when young had weak, black 
spells in the morning, sweats, N.C.A. Third brother: the patient. 

4. Mother: nervousness, faints, easily excited, easily angered, sighs, pain in heart, low blood 
pressure, gasps for breath, same trouble, N.C.A. First brother: the patient. Second sister: excitable, 
took iron, afraid of the dark and of walking on slippery streets, probable N.C.A. 

5. Father: faint, dizzy spells, weak, no N.C.A. First brother: the patient. 

6. Third sister: shook, nervous breakdown, passed out, same trouble as patient, pounding of the 
heart, died at age of 29 of heart trouble, N.C.A. Third brother: the patient. 

7. Mother: high blood pressure, no N.C.A. Brother: the patient. Sister: fears death, no N.C.A. 

8. Father: high blood pressure, no N.C.A. Mother: nervous, easily excited, worried about heart, 
weak feeling, N.C.A. First sister: crying spells, nervous, anorexia, no N.C.A. First brother: the 
patient. Second brother: tremor of hands, no N.C.A. 

9. Mother: nervous, migraine headaches, no N.C.A. First brother: the patient. 

10. Mother: nervous, heart disease, high blood pressure during menopause, shortness of breath, 
N.C.A. First brother: the patient. 

11. Third brother: the patient. 

12. Father: pain in chest in 1918, probable N.C.A. First brother: the patient. 

13. Father: “weak lungs,”? no N.C.A. Mother: dizzy spells, must lie down all the time, couldn’t 
work because of condition, N.C.A. First brother: shaky, nervous, no N.C.A. Second sister: faints, 
same trouble, shortness of breath, N.C.A. Second brother: the patient. 

14. Father: faints, anemic, always cold, low blood pressure, arthritis, no N.C.A. Mother: nervous, 
dizziness, bad temper, migraine, high blood pressure, palpitation, gas around heart, many doctors, 
N.C.A. First brother: the patient. Fourth brother: high-strung, nervous, shy, no N.C.A. 

15. Father: shy, dizziness, temper, palpitation, pains around heart, ulcer, N.C.A. Mother: 
“shock,” headaches, dizziness, high blood pressure, no N.C.A. First brother: the patient. Second 
brother: shy, secretive, no N.C.A. Third brother: very nervous, no N.C.A. 

16. Father: nervous, no N.C.A. Mother: dizzy spells, nervous, irritable, restless, headaches, 
tense, upset, pains in the heart, breathing trouble, stomach trouble, N.C.A. First sister: worries, 
nervous, tense, burning around heart, probable N.C.A. First brother: nervous, faints a lot, stomach 
trouble,? ulcer, probable N.C.A. Second brother: the patient. Third brother: irritable, no N.C.A. 
Fourth brother: nervous, no N.C.A. 

17. Mother: faints, from excitement, nervous, nervous breakdown, hysterics, dizzy, headaches, 
high blood pressure, gasps for breath, N.C.A. First brother: discharged from army for headaches 
and “pernicious anemia,” faints, dizzy, shy, bad temper, nervous breakdown, N.C.A. Second brother: 
the patient. 

18. Father: headaches, nervous,? migraine, heart disease, kidney trouble, high blood pressure, 
same trouble as patient, short of breath, N.C.A. Mother: nervous, headaches, worried about disease, 
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TABLE 10—Continued 


fainting, pain in chest, “asthma,” trouble in breathing, kidney trouble, can’t work much, N.C.A. 
First brother: the patient. Second brother: heart disease, kidney trouble, no N.C.A. Third brother: 
nightmares, sleeping spells, “overgrown” heart, heart disease, heart attacks, pains in chest, N.C.A. 
Third sister: nervous trouble, restless, didn’t want noise, weakness, weak spells, N.C.A. 

19. Father: nervous, short of breath all life, same trouble, N.C.A. Mother: nervous, cries, nervous 
breakdown when patient injured, “weak heart,” “murmur,” short of breath all of life, tired, weak, 
N.C.A. Twin one: the patient. Twin two: headaches, pains in chest, breathing trouble, asthma, 
“different” from the patient, N.C.A. 

20. First brother: nervous, pain in heart as child, heart attacks, short of breath, couldn’t get 
breath, runs and works hard, N.C.A. Second brother: the patient. 

21. Father: nervous, headaches, afraid to drive, excitable, nervous breakdown, same trouble, 
N.C.A. Mother: choking, nervous, faints easily, heart trouble, pains in heart, gas pains, cured tuber- 
culosis, N.C.A. Third brother: the patient. 

22. Mother: neuritis, no N.C.A. First brother: out of the army for murmurs, heart trouble, no 
N.C.A. Second brother: the patient. 

23. Mother: nervous, shaky in crowds, on excitement, always worried, heart trouble, pains in 
chest, pains in stomach, winded on short walks, tired on short walks, N.C.A. First brother: the 


” 


patient. Third sister: shakiness, nervousness, “gets the shakes,” not well, “overactive” thyroid, 
N.C.A. 

24. Father: headaches, no N.C.A. Mother: heart attacks, high blood pressure, no N.C.A. Second 
brother: the patient. 

25. Father: nervous, excitable, dizzy, faints, same trouble as patient, N.C.A. Mother: faints, 
nervous, dizzy spells, bothered by noise, many operations, can’t work, same trouble as patient, 
N.C.A. Second brother: the patient. 

26. Father: low blood pressure, sinus, no N.C.A. Mother: nervous breakdown, no N.C.A. First 
brother: the patient. 

27. Father: excited, angry, nervous, chest pains, stomach pains, coughs, can’t get breath, not in 
good health, probable N.C.A. Mother: nervous, faints, shakes, worries, cries, pains in head, “thot” 
blood pressure, can’t do own house work, can’t stand in OPD line, gets weak, feels bad, N.C.A. 
First brother: the patient. Second brother: heart trouble, something sticking in chest, pain in the 
chest, after football, had to sit down, probable N.C.A. 

28. Mother: nervous breakdown, no N.C.A. Brother: the patient. Sister: excitable, no N.C.A. 

29. Father: nervous, angers easily, worries, restless, impatient, no N.C.A. Mother: fear of light- 
ning, thin, not strong, bleeding hemorrhoids, probable N.C.A. First brother: faints, restless, dizziness, 
same as patient, worse than patient, N.C.A. Third brother: worries a lot, short of breath on talking, 
N.C.A. Sixth brother: the patient. Second sister: frail, many colds, no N.C.A. Third sister: nervous, 
highstrung, worries, faints, excitable, probable N.C.A. 

30. Father: migraine, nervous, insomnia, pains in chest, stomach trouble, N.C.A. Mother: 
nervous, highstrung, skinny, anemic, vomiting, fast heart, nervous heart attacks, heart disease, 
breathing trouble, shortness of breath, can’t work, stomach trouble, N.C.A. First brother: the patient. 
Second brother: headaches, hospitalized in army for nervousness, N.C.A. Third brother: headaches, 
nervous, thin, insomnia, pain in chest, shortness of breath, N.C.A. 

31. Father: irritable, stomach trouble, tires easily, no N.C.A. Mother: stomach trouble, never 
healthy, vomiting, no N.C.A. First brother: the patient. 

32. Fourth brother: the patient. 

33. Mother: wheezing spells, short of breath, no N.C.A. First brother: the patient. 

34. Father: headaches, pain in heart, breathlessness, doctor told him not to work but unable to 
stop, probable N.C.A. Mother: headaches, faints, dizzy spells, blood goes to head, high blood pres- 
sure, N.C.A. Second brother: the patient. 

35. Father: pain in chest, short of breath when up and down stairs, throat not good, no N.C.A. 
Mother: nervous, worries, headaches, high or low blood pressure, weak spells, sick all life, poor health, 
obese, N.C.A. First sister: nervous, upset, same trouble, N.C.A. First brother: nervous, faints a lot, 
probable N.C.A. Second brother: the patient. Third brother: 4-F for ears, no N.C.A. 
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TABLE 10—Continued 


36. Mother: nervous, worries, high blood pressure, same trouble, N.C.A. First brother: the patient. 
Sister: headaches, high blood pressure, no N.C.A. 

37. Father: nervous, irritable, fears,? heart trouble, can’t work, probable N.C.A. Mother: worries, 
headaches, dizziness, weak spells, goes to bed and rests, high blood pressure, N.C.A. First sister: 
nervous, anemic, invalid, N.C.A. Second brother: the paiient. 

38. Mother: nervous, short of breath, cries easily, trouble something like his, N.C.A. Only child: 
patient. 

39. Father: nervous, irritable, tired, run down, lost pep, anorexia, no N.C.A. Mother: dizziness, 
nervous, hysterics, cries easily, palpitation, stomach trouble, takes heart pills, takes nerve pills, 
N.C.A. Second brother: nervous, faints, constipated, probable N.C.A. Third brother: twin, the 
patient. Second sister: twin, nervous breakdown, nervous, faints, palpitation, tight throat, N.C.A. 
Third sister: headaches, no N.C.A. 

40. Mother: faints, headaches, nervous, heart trouble, N.C.A. Second sister: nervous breakdown, 
headaches, fainting, palpitation, fast-beating heart, heart trouble, N.C.A. Third brother: the patient. 

41. Second brother: the patient. 

42. Mother: nervous, short of breath, headaches, dizzy spells, palpitation, can’t work much, 
takes life easy, N.C.A. Brother: the patient. 

43. Mother: nervous breakdown during menopause, high blood pressure, no N.C.A. Brother: 
the patient. Sister: nervous, no N.C.A. 

44. Mother: nervous, worries, palpitation, on verge of nervous breakdown, same trouble, N.C.A. 
Brother: the patient. 

45. First sister: tired now, can’t work, no N.C.A. Second brother: the patient. 

46. Father: worries, nervous, pain in heart, breathing trouble, N.C.A. Mother: nervous, worries, 
insomnia, faints, hot flushes, high blood pressure, no N.C.A. First sister: nervous, weak heart, prob- 
able N.C.A. Second sister: nervous, no N.C.A. Brother: the patient. 

47. First brother: the patient. 

48. Mother: nervous, faints, palpitatich, trouble with heart, higher blood pressure at one time, 
shortness of breath all life, doesn’t work too hard, N.C.A. First brother: the patient. 

49. Father: pains in heart, nervous, no N.C.A. Second sister: nervous, headaches, no N.C.A. 
Fourth brother: the patient. 

50. First sister: highstrung, no N.C.A. First brother: the patient. Second sister: highstrung, no 
N.C.A. Father: “athletic heart,” took it easy for 10 years—unknown. 

51. Mother: nervous, fainting, palpitation, weak spells, weight loss, N.C.A. First brother: the 
patient. First sister: headaches, irritable, sweating, flushed face, thin,? thyroid, weakness, intolerance 
to effort, exhausted, N.C.A. 

52. Father: highstrung, no N.C.A. Mother: nervous, afraid of water, same headaches as patient, 
palpitation, tired, N.C.A. First brother: highstrung, nerved up easily, nightmares, no N.C.A. Second 
brother: the patient. 

53. Father: headaches, no N.C.A. Mother: pain in chest, weak heart, short of breath like patient, 
can’t work too hard, N.C.A. First brother: the patient. Second sister: dizzy, nervous, rests, fainting 
spells when scared, has to lie down, sickly, same trouble as patient, N.C.A. Third sister: thyroidec- 
tomy, heart disease, choked by lump in throat, probable N.C.A. 

54. Father: nervous, highstrung, no N.C.A. Mother: nervous, headaches, nervous indigestion, 
no N.C.A. First sister: upset easily, shakes and cold, highstrung, no N.C.A. First brother: the patient. 

55. Father: irritable, no N.C.A. Mother: nervousness, faints, high blood pressure, same trouble, 
breathing trouble, N.C.A. Only child: the patient. 

56. Father: nervous, some kind of heart trouble when angry, N.C.A. Second brother: the patient. 

57. Father: irritable, no N.C.A. Mother: faint, weak, dizzy, excitable, headaches, nervous break- 
down, same trouble, N.C.A. Second brother: headaches, no N.C.A. Second sister: headaches, nervous- 
ness, nausea, no N.C.A. Third brother: the patient. 

58. Father: irritable, excitable, worried, needed rest because of nervous fatigue, N.C.A. First 
brother: the patient. Third brother: same as patient, N.C.A. Fifth brother: same as patient, N.C.A. 

59. Mother: faints a lot, dizzy spells, worries, nervous, weak, N.C.A. First sister: nervous, jumpy, 
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TaBLe 10—Continued 


nervous breakdown, weak, same trouble, N.C.A. First brother: nervous, weak, no N.C.A. Second 
brother: the patient. Third brother: same trouble, can’t do hard work, small, thin, N.C.A. 

60. Father: nervous, faints, health delicate, probable N.C.A. Mother: dizzy spells, squeezing 
pain, heart trouble, always short of breath, N.C.A. Second brother: the patient. Sister: treated for 
underweight, nervous, probable N.C.A. 

61. Mother: nervous, no N.C.A. First brother: the patient. Second brother: rejected for high 
blood pressure, no N.C.A. 

62. Mother: nervous, nervous breakdown, same trouble, tires easily, obese, too much fat around 
heart, N.C.A. Only child: the patient. 

63. Father: highstrung, nerves, heart attack one year ago, no N.C.A. Mother: migraine, sick at 
time, fallen stomach, weak earlier, probable N.C.A. Only child: the patient. 

64. First brother: dizziness, faintness, heart attacks, pains in heart, N.C.A. First sister: nervous, 
worries, no N.C.A. Third brother: the patient. 

65. Father: nervous, nervous breakdown, stomach trouble, no N.C.A. Mother: high blood pres- 
sure, short of breath, probable N.C.A. First sister: short of breath, no N.C.A. Second brother: heart 
trouble because of alcohol, no N.C.A. Third brother: the patient. 

66. Second brother: the patient. Third brother: same trouble, sharp pains, high blood pressure,? 
“neurosis,” N.C.A. 

67. Second sister: high blood pressure, heart bad, no N.C.A. Fourth brother: the patient. 


B. FAMILIES OF MEN WITH ACUTE NEUROCIRCULATORY ASTHENIA 


1. Father: nervous, excitable, no N.C.A. Brother: the patient. 

2. Mother: heart trouble, healthy until patient born, tired, weak, rested a lot, N.C.A. Third 
sister: nervous, no N.C.A. First brother: faints, excitable, shakes, angry, nervous, same trouble, 
N.C.A. Second brother: highstrung, nervous breakdown from overwork, restive, probable N.C.A. 
Third brother: the patient. 

3. Mother: heart disease, pain, run down, liver, nitroglycerine, N.C.A. Third brother: the patient. 

4. Mother: excitable, worries, no N.C.A. Only child: the patient. 

5. First brother: nervous, no N.C.A. First sister: sensitive, easily hurt, no N.C.A. Second brother: 
the patient. Second twin: fainting spells, not robust, weak, rests, probable N.C.A. 

6. Only child: the patient. 

7. First brother: breathing trouble, no N.C.A. Second brother: the patient. 

8. Mother: nervous, no N.C.A. Only child: the patient. 

9. Brother: the patient. Sister: nervous breakdown, no N.C.A. 

10. Mother: nerves shot, nervous breakdown, hysterical, shaking, no N.C.A. Second brother: 
the patient. 

11. Third brother: the patient. 

12. Father: sensitive, irritable, no N.C.A. Mother: nervous, sickly with nerves, same trouble, 
smothering sensation, palpitation, heart attacks, heart condition, N.C.A. Brother: the patient. 

13. Second brother: the patient. 

14. Mother: dizziness, nervous, shaky, “might have same trouble,” N.C.A. First brother: re- 
jected by Navy for nervousness, probable N.C.A. Second brother: the patient. 

15. Mother: nervousness, no N.C.A. Second brother: the patient. 

16. Mother: nervous, fainting, sickly, no N.C.A. First brother: the patient. 

17. Mother: nervous, faints, cries, afraid of hospitals, indigestion, no N.C.A. Second brother: 
the patient. 

18. First brother: the patient. 

19. First sister: faints, no N.C.A. Brother: the patient. 

20. Only child: the patient. 

21. First brother: the patient. 

22. First brother: the patient. 
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23. Father: heart pain from gas, no N.C.A. Mother: nervous, worries, almost had a nervous 
breakdown, no N.C.A. First brother: nervous, worries, no N.C.A. Third brother: the patient. 

24. Mother: breathing trouble, no N.C.A. Sister: nervous, jumpy, doesn’t work, probable N.C.A. 
First brother: the patient. 

25. Brother: the patient. 

26. Third brother: the patient. 

27. Third brother: the patient. 

28. Brother: the patient. 

29. First brother: the patient. 

30. First brother: the patient. 

31. Second brother: the patient. 

32. Father: smothering spells, sat up to breathe, no N.C.A. Mother: nervous, highstrung, ex- 
citable, tired, weak, probable N.C.A. Second brother: the patient. Second sister: nervous, no N.C.A. 

33. Brother: the patient. 

34. Second brother: the patient. 

35. Father: fainted once, tires easily, hurt, no N.C.A. Mother: easily upset, nervous, flushes, in- 
somnia, tires easily, rests a lot, weak, probable N.C.A. Only child: the patient. 

36. Mother: highstrung, excitable, worries, no N.C.A. First sister: nervous, no N.C.A. Second 
sister: nervous, no N.C.A. Second brother: the patient. Third brother: same trouble, shaky after 
action, N.C.A. 

37. Mother: nervous breakdown, no N.C.A. Only child: the patient. 

38. Third brother: nervous, palpitating heart, grouchy spells, 4-F, N.C.A. Second brother: the 
patient. 

39. Father: heart attacks for years, no N.C.A. Mother: nervous, faints, ‘“‘neuraligia” of the heart, 
no N.C.A. First sister: faints, nervous, pain inside, tired, weak, liver trouble, probable N.C.A. 
Brother: the patient. Second sister: faints, no N.C.A. 

40. Mother: headaches, afraid, several nervous breakdowns, probable N.C.A. Brother: the patient. 
Sister: jittery, nervous, no N.C.A. 

41. Father: restless, worries, spasm, nervous cardiac condition, N.C.A. Mother: nervous vomiting 
spells, anemic, tired, no N.C.A. Brother: the patient. 

42. Second brother: the patient. 

43. First brother: the patient. 

44, Mother: headaches, nervous, no N.C.A. First sister: faints, dizzy, nervous breakdowns, 
couldn’t ride in buses, couldn’t go in crowds,? same trouble, N.C.A. Brother: the patient. 


C. FAMILIES OF MEN IN CONVALESCENT CONTROL SERIES 


7. Mother: faints, gets upset, breathing trouble, can’t work at home, N.C.A. First brother: the 
control, faintness, palpitation, anorexia, N.C.A. Second brother: discharged because of nervousness, 
probable N.C.A. 

8. Mother: nervous, breathing trouble, same trouble, N.C.A. First sister: nervous, weak when 
works, probable N.C.A. Second sister: palpitation, no N.C.A. Third brother: the control, headaches, 
dizzy spells, dizziness, nervous, flushes, apprehension, palpitation, throbbing, breathlessness, syncope, 
inability to get a satisfactory breath, weakness, N.C.A. 

17. Mother: nervous, went to pieces, cried a lot, hysteria, high blood pressure, breathing 
trouble, asthma and heart, N.C.A. Only child: the control, nervousness, nervous chill, apprehen- 
sive, dizziness, palpitation, smothering, vascular throbbing, weakness, anorexia, N.C.A. 


D. FAMILIES OF MEN IN HEALTHY CONTROL SERIES 


22. Third brother: the index case. 
37. First brother: the index case. 
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of this disorder and its high familial prevalence, it is well to examine the litera- 
ture. There one finds a rich assortment of varied ideas and theories, usually 
with no substantial data to support them, about the cause, “etiologic factors” 
and mechanisms leading to the disorder or its symptoms. 


An incomplete sample of these conclusions as to cause, “etiologic factors” and mechanisms 
includes the following: “Cardiac muscular exhaustion and atrophy,” Hartshorne, 1864 
(47); “bad adjustment of the pack and accoutrements,” Maclean, 1867 (48); due to “prog- 
ress and refinement... central nervous system becomes dephosphorized,”’ Beard, 1869 
(19); “fevers, diarrhea, hard field service, wounds, injuries,” Da Costa, 1871 (20); “waste 
of nerve tissue in excess of repair,” Beard, 1880 (49); “wear and tear of the nervous system’’ 
due to “cares,” “responsibilities,” “anxiety,” “inquietude,” Flint, 1884 (50); ‘“‘autointoxica- 
tion, due to pyorrhea alveolaris, fermentation dyspepsia, or intestinal putrefaction,” I. G. 
Cobb, 1915 (51); “predominant etiologic factor . . . is infection of one kind or other,”’ Lewis, 
1917 (52); “masturbation or accumulated pollutions” and “such factors as coitus inter- 
ruptus,”’ Freud, 1920 (53); the idea “1 want to use my genital organs for pregenital purposes”’ 
floods the affected ‘“‘organ representations” with uncontrolled “libido,” Reich, 1926 (54, 
57); anxiety attack represents “phantasy of giving birth,’”’ H. Deutsch, 1930 (55, 57); ‘“‘vis- 
ceroptosis,” Archard, 1934 (56); in “cardiac neurosis... the heart represents the penis,” 
Fenichel, 1934 (57); “chronic undulant fever,” Thames, 1935 (58); “fatigue of the nervous 
system” due to “nervous overstrain’” and “infections” and associated with “imperfect 
oxygenation of the blood,” Haldane and Priestley, 1935 (59); ‘“‘symptoms of these patients 
are not mentally determined or removable by analysis, but ...they must be regarded as 
direct toxic consequences of disturbed sexual chemical processes,’ Freud, 1935 (60); “low 
blood chlorides,” O. Johnson, 1936 (61); “allergic manifestations,’ Marshall and Tarwater, 
1938 (62); “respiratory alkalosis,” Soley and Shock, 1938 (63); the “energy-controlling 
organs”... “brain-adrenal-sympathetic system,” Crile, 1940 (64); “focal infection”. . . 
“teeth, sinuses,” Baach, 1940 (65); infections such as rheumatic fever, amoebic dysentery, 
bacillary dysentery, Parkinson, 1941 (66); “central stimulus is emotional and is commonly 
the result of fear,’” Wood, 1941 (33); “hyper- and hypokinemic circulation,’ Starr, 1942 
(67); ‘Graves’ syndrome,”’ Moschowitz and Bernstein, 1944 (68); “hypoglycemia,” Greene, 
1944 (69); “small heart,’’ Master, 1944 (70); “the emotions,” Strong, 1946 (71); “free 
floating anxiety” or “‘somatization reaction,” Veterans Administration, 1947 (72); “cause 
or causes are unknown,” Cohen, White, Johnson, 1948 (12). 


There is, then, no obvious established cause or mechanism, which explains 
the disorder as yet. It could be useful to apply the knowledge that this disorder 
runs in families. This fact can be used as an aid in diagnosis in civilian medi- 
cine. If a reliable family history could be obtained under circumstances at- 
tendant to military medicine, it might be helpful in problems relating to 
diagnosis, selection and disposal of patients. 

Knowledge as to whether heredity is the important factor or a minor factor 
determining “susceptibility” or no factor at all would be important in planning 
the emphasis of further studies. And if evidence suggests “inherited suscepti- 
bility,” emphasis might be placed on search for other evidence of expressivity 
of the disorder. Then special studies could be planned on possible precipitating 
stimuli in ‘‘susceptible” individuals. It is commonly believed bv many physi- 
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cians that a hereditary disorder is hopeless as far as treatment is concerned. 
The facts do not support this notion. Some of the most treatable of diseases— 
pernicious anemia, diabetes, periodic family paralysis, thyrotoxicosis—are 
believed (73, 74) to be on a hereditary basis. This suggests that in some in- 
stances hereditary disease may represent lack of a single substance which can 
be efficiently replaced. 

No amount of speculation will resolve the problem further. The facts re- 
main that the disorder runs in families, that no environmental cause has been 
discovered, that the family patterns suggest, but not perfectly, the pattern of 
Mendelian dominance, with single or double gene. Further study is necessary 
in order to get the right answer or answers. 


CONCLUSIONS 


1. There is a high prevalence of neurocirculatory asthenia (N.C.A.) in 
fathers, mothers, brothers, sisters and families of patients with neurocircula- 
tory asthenia (anxiety neurosis, effort syndrome) as compared with that in 
relatives of control subjects. 

2. The prevalence of the disorder is high in relatives of patients with chronic 
N.C.A.; the proportion of affected fathers is 17.5%, of mothers 54.8%, of 
brothers 13.3%, of sisters 12.1% and of families 67.2%. 

3. As compared with chronic N.C.A., there is little N.C.A. in fathers, 
mothers, brothers, sisters and families of patients with acute N.C.A. 

4. Only one case of N.C.A. was found in fathers, mothers, brothers and 
sisters of control subjects lacking the disorder. 

5. In families of chronic N.C.A. patients, when neither parent is affected 
27.5% of the offspring are affected, when one parent is affected 37.7% are 
affected, when both parents are affected 61.9% are affected. 

6. In families of N.C.A. patients more mothers, 54.8%, have N.C.A. than 
do fathers, 17.5%. 

7. Analysis of the data for chronic N.C.A. suggests that the prevalence of 
the disorder approximates the pattern of Mendelian dominance, single or 
double gene, in some features. 

8. There is a high prevalence of alcoholism in ‘fathers of patients with 
N.C.A. as compared with fathers of controls. The possibility that these al- 
coholic fathers represent cases of N.C.A. must be considered. 

9. When ‘probable N.C.A.’ and alcoholism are included as cases of neuro- 
circulatory asthenia, the pattern of occurrence fits closely the pattern of the 
double dominant inheritance and does not deviate from it statistically. 

10. The data on familial prevalence of acute N.C.A. are inconclusive; if 
they fit into any genetic pattern they suggest a double- or triple-gene, not a 
simple single-gene, mechanism. 
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11. Simple imitation, i.e. copying, could not explain the high familial prev- 
alence of the disorder. 

12. Feeling ill and having other symptoms did not cause convalescent 
control subjects to describe symptoms of N.C.A. in relatives. 

13. Affected cases are distributed within sibships in random fashion. This 
is consistent with the assumption of a hereditary disorder. 

14. The word “constitutional” and the concepts apparently contained in 
it are so vague and conflicting as to render them useless. 

15. The data while consistent with the supposition of hereditary transmis- 
sion of the disorder, do not exclude the possibility of some household or other 
environmental factor or factors, or an interaction of genetic and non-genetic 


factors. 
16. Further appropriate observation and not more speculation is necessary 
to answer the unsolved problems in this field. 
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Heredity, Maternal Age, and Birth Order in the 
Etiology of Celiac Disease’ 


MARGARET W. THOMPSON 


Former Lecturer in Zoology, University of Toronto, Toronto 5, Ontario* 


INTRODUCTION 


StncE Samuel Gee first described celiac disease in 1888, the problem of its 
etiology has received the attention of many workers. Through clinical, labo- 
ratory, and post-mortem studies it has become clear that the underlying fault 
in celiac disease is a change of a physico-chemical nature in the absorptive 
mechanism of the intestine (Parsons, 1932), probablya defect in the phosphory]- 
ation process in the intestinal mucosa (May et al., 1942). Various factors have 
been postulated as a cause of this defect; e.g., impaired mechanical function 
(May & McCreary, 1941), vitamin deficiency (May et al., 1942; Brody & 
Gore, 1946; Dalton et a/., 1946), gastrointestinal allergy (Riley, 1939; Kun- 
stadter, 1942; McKhann et a/., 1943), and infection (Brown et al., 1925; Parsons, 
1932; O’Donovan et al., 1942). 

Constitutional factors in the etiology of celiac disease have been suggested 
by a number of workers. Stolte (1917) drew attention to the advanced maternal 
age and the long interval preceding the birth of the affected child (the latter 
now considered to be an indication of reduced fertility). The tendency for the 
condition to run in families has been noted by a number of investigators 
(table 1). Andersen (1947) states as her view that celiac disease develops under 
adverse circumstances in patients who have an underlying constitutional defect. 

The present report outlines evidence to indicate that the “underlying con- 
stitutional defect” in celiac children is a genetical susceptibility to celiac 
disease, and that one of the adverse conditions favoring its development is an 
unfavorable uterine environment, as shown by the late maternal age and 
late birth rank of these children. 


METHODS 


The present study formed part of a medical and genetical investigation of 
celiac disease which was undertaken jointly by the Department of Pediatrics 
and the Department of Zoology, University of Toronto. The findings of the 
clinical survey will be reported elsewhere by Ebbs, Stein, and Marriott, and 
the reader is referred to their paper for an account of the criteria used for the 
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TABLE 1. FAMILIAL CASES OF CELIAC DISEASE REPORTED IN THE LITERATURE 


AUTHOR DATE RELATIONSHIP NUMBER OF CASES 
Habliitzel-Weber 1923 Twins 2 
Lehndorff & Mautner 1927 Cousins 

Nephews 
Sauer 1927 Cousins (2 pairs) 4 
Twins 2 
Fanconi 1928 Twins 2 
Sibs 2 
Parents or sibs 6 
Consanguineous parentage 1 
Haas 1932 Sibs 4 
First cousins (5 pairs) 10 
Second cousins (2 pairs) 4 
Twins 
Uncle 1 
Feer Cited by Haas, Sibs 2 
1932 
Hess Cited by Haas, Sibs 
1932 
Thaysen 1935 Sibs (2 pairs) 4 
Weller 1939 Sibs 3 
Offspring 2 
Collishaw 1940 Twins 2 
Rewell 1944 Sibs 2 
Davidson & Fountain 1950 “Relatives” 12 


diagnosis of celiac disease. The genetical problem was undertaken by the 
author under the direction of Dr. Norma Ford Walker. 

Of the 119 cases of celiac disease which form the basis of this report, 65 have 
been in-patients at the Hospital for Sick Children, Toronto, and are included 
in the series used for the clinical report referred to above. In the remaining 54 
cases, the diagnosis has been made by a pediatrician of Toronto, Hamilton, 
or London, Ontario. Selection of the cases to be used was made solely on the 
basis of accessibility, and willingness of the parents to coéperate (as it was 
necessary to visit the home of each patient). In particular, cases of fibrocystic 
disease of the pancreas have been excluded from the series. 

For each celiac child whose case formed part of this study, a record of his 
family history was obtained from his parents. These records included informa- 
tion regarding maternal age at birth and order of birth for each patient and 
all sibs; the reproductive history of the mother, including miscarriages and 
stillbirths; and data regarding grandparents, parents and sibs of the patients, 
with special reference to the appearance of morbid conditions, and particularly 
of celiac disease, digestive difficulties of any kind, and diabetes mellitus. 
Diabetes became a special subject of inquiry when it appeared early in the 
investigation that the incidence of this condition was increased in the celiac 
patients and their kinships. In some cases the pedigrees were enlarged to in- 
clude conditions of interest in more distant relatives. We have, in all, 119 
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cases of celiac disease comprising 104 sibships. There are 109 non-celiac sibs, 
208 parents, and 416 grandparents. Of these, information has been obtained 
for all sibs (of whom seven are unclassified as to celiac disease because they 
were under six months of age at the time of study), 189 parents, and 361 
grandparents. 


MATERNAL AGE AND ORDER OF BIRTH IN CELIACS 


Maternal age and/or birth rank as factors affecting the uterine environment 
are known to be of significance in the production of certain diseases in man. 
An example of this is mongoloid imbecility, where the advanced age of the 


TABLE 2, COMPARISON OF MATERNAL AGE AT BIRTH FOR 109 CELIACS AND 91 NON-CELIAC SIBS 


MOTHERS OF: MEAN AGE STANDARD DEVIATION NUMBER 


TABLE 3. ORDER OF BIRTH IN 115 CELIAC CHILDREN 


SIZE OF NO. EX- NO. EX- | NO. OB- 


SIBSHIP, | BIRTH RANK, & | — | PECTED AT PECTED AT | SERVED AT 
’ | 8 EACH RANK | LATER | LATER 
1 3 4 5 6 8 | Ne/s | RANKS | RANKS 
1|/2- — — — | 22 | 22.00 
2 | 2 | 19.50 | 19.50 21 
3 4 76 —~ — | 27 | 9.00 9.00 16 
4 3 3 5 17 | 4.25 8.50 11 
5 0 11> — — | 2] 040 | 080} 2 
7 0 | 2] 0.43 1 
8 0 0 0 0 0 60 2 0 | 2} 0.25 1.00 2 


mother has been shown by Penrose (1934a) to be a causal factor. The relative 
effects of these two factors are difficult to separate, and in the present study 
no attempt has been made to do so. 

Maternal Age. The maternal age at the birth of the celiac children here 
studied was significantly later than that of their non-celiac sibs (table 2). 

The difference between the mean maternal ages is 2.05 years, and the stand- 
ard error of this difference is +0.688 years. The difference is almost three 
times its standard error, which is statistically significant. 

Birth Order. The birth rank for celiacs is significantly later than for their 
non-celiac sibs (table 3). The figures for the number of patients expected at 
the later birth ranks include half of those sibships of size two, one-third of 
those of size three, one-half of those of size four, two-fifths of those of size 


x? = 9.95, DF. = |, P < 0.01 
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five, etc. These are compared directly with the number of patients observed 
in the same ranks. 

The evidence that maternal age and birth rank are both significantly late 
in celiac children suggests that the unfavorable uterine environment provided 
by the older or multiparous mother may be effective in bringing about the 
manifestation of celiac disease. It is possible, of course, that the finding of 
late birth rank in these children reflects family limitation by those parents 
who have previously borne a celiac child. The part which might be played by 
such voluntary family limitation is extremely difficult to assay, particularly 
since celiac disease normally manifests itself, not at birth, but at nine months 
of age or even later. 


GENETIC CONSTITUTION OF CELIAC CHILDREN 


Although there has been no previous published study of the genetics of 
celiac disease, there exists a general impression among physicians that the 
disease tends to run in families. This general impression is borne out by the 
number of recorded cases of the condition occurring in more than one member 
of the family (table 1). 


Celiac Disease in Sibships 


Penrose (19346) has given a method for calculating the expected random 
proportions of sibships with more than one member affected, given the ap- 
proximate incidence of the condition and the approximate mean family size. 
The incidence of celiac disease in Toronto children is estimated by Dr. J. H. 
Ebbs as between 1/100 and 1/1000. For this test, a mean sibship size of 3 has 
been used, though the actual mean sibship size in our series is somewhat lower. 
This method has been used to calculate the expected numbers of sibships with 
1, 2, and 3 members affected, which are compared below with the observed 
(table 4). 

The number of sibships in which more than one member is affected markedly 
exceeds the expected random distribution. This observation suggests that 
genetic factors operate in the etiology of celiac disease, though this test alone 
does not rule out the possibility of environmental factors such as infection. 


Proportions of Affected Relatives 


A history of celiac disease during early childhood was elicited in 13% of 
the sibs of our celiac series, 6% of their parents, and 1% of their grandparents 
(table 5). 

Because of the relatively short time during which celiac disease has been 
recognized, no great accuracy is claimed for the findings with respect to in- 
cidence of celiac disease in parents and grandparents of affected children. In 
10 of the 11 cases of affected parents, the diagnosis of celiac disease was made 


no’ 
In 
fat 
dis 


gre 
fes 
19. 


T 
Pr 
Sib 
Pa 

I 
Gri 

die 
pa 
th 
m 

an 
ge 
of 
ha 
in 


CELIAC DISEASE 163 


not at the time, but later, when the same symptoms appeared in the offspring. 
In the eleventh case, the diagnosis was made at the time by the patient’s 
father, a physician. For two of the four grandparents regarded as affected, 
disturbance of fat digestion has persisted to adult life. The remaining two 
grandparents suffer from tropical sprue, a disease which appears to be a mani- 
festation of the same morbid condition as celiac disease (Hanes & McBryde, 
1936). 


TABLE 4 
NUMBER OF SIBSHIPS } NUMBER OF SIBSHIPS aia 
NUMBER OF AFFECTED SIBS EXPECTED (IF 
100 1/1000 

1 102.96 | 103.90 92 

2 1.04 | 0.10 9 

3 0.00 0.00 3 


TABLE 5, THE INCIDENCE OF CELIAC DISEASE AMONG RELATIVES OF CELIAC PATIENTS 


RELATIONSHIP TOTAL NUMBER* NUMBER AFFECTED INCIDENCE 

Parents 

Grandparents 


*i.e., total number for which information is available. 


The Association of Diabetes Mellitus and Celiac Disease 


A noteworthy finding in the present study has been the high incidence of 
diabetes in the celiac patients and their relatives. A diabetic family history 
was reported in 36 (35%) of our 104 celiac sibships. This figure may be com- 
pared with those of Wilkerson and Krall (1947), who report that 38.6% of 
their diabetic group and only 18.4% of their non-diabetic group have one or 
more diabetic relatives. 

In table 6, the incidence of diabetes among the celiacs, their sibs, parents, 
and grandparents is compared with the incidence in similar age groups in the 
general population, the latter as calculated by Joslin et a/. (1946) from figures 
of the United States National Health Survey of 1936-37. (Dr. A. L. Chute 
has estimated that the incidence of diabetes in children under 15 years of age 
in Toronto is 0.0005, a value close to Joslin’s figure of 0.0004.) 
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No sib, parent, or grandparent listed in table 5 as celiac is listed in table 6 
as diabetic; in other words, the occurrence of celiac disease and diabetes in 
the same individual has been observed only in two celiac propositi. Although 
the observation of two diabetics among 119 celiac patients seems at first glance 
to be hardly worthy of note, the probability of observing two or more diabetics 
among 119 children, by chance alone, is less than 1 in 100. 

Table 6 shows that the incidence of diabetes in the celiac patients and their 
relatives is markedly higher than in the general population at comparable 
ages, according to the National Health Survey prevalence figures. It is pos- 
sible that the difference depends, at least in part, upon an underestimate of 
the prevalence of diabetes; indeed, the findings of the Oxford Survey (Wilker- 
son & Krall, Joc. cit.) suggest that the true prevalence may be higher than the 


TABLE 6. INCIDENCE OF DIABETES IN CELIACS AND THEIR RELATIVES 


| MEAN AGE 


(yRS.) AT TOTAL NO. DIABETICS INCIDENCE | INCIDENCE NO. e 
(APPROX.) | } | 
| s | 119 2 0.017 | 0.0004 0.05 
| eee 8 | 102 | 2 0.020 0.0004 | 0.04 
37 189 | 1 (+1 potential | 0.005 | 0.0026 0.49 
| diabetic) | 

Grandparents........... 63 361 | 20 0.055 | 0.0143 | 5.16 
— | 771 25 | | — | 5.74 


x? = 65.11, DF. = 1, P <0.001 


National Health Survey estimate. The Oxford Survey figures are not suitable 
for comparison with the present series, because they include a large proportion 
(30 of the total of 70, or 42.9%) of “new” cases, i.e., cases which were previously 
unknown but were diagnosed in the course of the survey, whereas our figures 
deal only with known diabetics. In the absence of recent, reliable figures for 
the prevalence of diabetes in the general population, it must be concluded 
that an association between diabetes mellitus and celiac disease is suggested, 
though not proven, by our data. It is hoped that further studies in other centers 
will serve either to establish or to disprove the suggested association. 

The author is pleased to acknowlege her indebtedness to Dr. Norma Ford Walker, 
Associate Professor of Human Genetics, University of Toronto, and Director of Medical 
Genetics at the Hospital for Sick Children, Toronto, under whose guidance the present 
study has been carried out, for continual assistance in all phases of the problem; to Dr. J. 
H. Ebbs of the Hospital and his associate, Miss M. J. Marriott, for invaluable aid in the 
collection of material and for many helpful suggestions; and to the Department of Zoology, 
University of Toronto, and the National Research Council of Canada for financial support. 
Responsibility for errors in observations or interpretation is the author’s own. 
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SUMMARY 


Some constitutional factors in the etiology of celiac disease have been in- 
vestigated. 

The observations that celiacs are born at later maternal ages and at later 
birth ranks than their non-celiac sibs suggest that disturbance of prenatal 
growth brought about by the unfavorable uterine environment provided by 
the older or multiparous mother may be a factor in the production of celiac 
disease. 

Heredity as an etiological factor is suggested by the number of instances of 
the condition in more than one member of a family which have been recorded 
in the literature and observed in the present study. 

Analysis of the frequency of affected sibs has shown that celiac disease 
appears in more than one member of a sibship far more frequently than is to 
be expected if its distribution depends upon chance alone. 

The incidence of diabetes mellitus among the celiacs here studied and their 
relatives is higher than its reported incidence in the general population. This 
suggests a possible association between the two conditions. 
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A Genetic and Clinical Study of Intestinal 
Polyposis, a Predisposing Factor for Car- 
cinoma of the Colon and Rectum’ 


ELDON J. GARDNER 
Laboratory of Human Genetics, University of Utah, Salt Lake City 1, Utah 


In a recent paper (Gardner & Stephens, 1950) a pedigree was presented in 
which a high incidence of carcinoma of the lower digestive tract was repre- 
sented. Nine deaths out of a total of twelve adult deaths in one branch of 
the kindred were attributed directly or indirectly to this disease. These in- 
cluded the wife in the original couple (J/-7, fig. 2, Gardner & Stephens, 1950), 
her four children, and four of her grandchildren. Although the details of the 
family history of the woman were not complete, evidence was presented to 
indicate that some cases of carcinoma of the digestive tract had occurred 
among her relatives. No evidence of carcinoma was found in the family of her 
husband. This suggested an hereditary pattern coming through the line of 
the mother to the members of her immediate family and their descendants. 
A dominant type of inheritance was indicated. 

While the report of this group was being prepared for publication, a grand- 
son (IV-219, fig. 2, Gardner & Stephens) of the woman was found to have 
multiple polyposis of the colon. For several years he had observed symptoms 
similar to those of his brothers and cousins who had died with carcinoma of 
the rectum and colon. The symptoms, particularly the bleeding from the 
rectum, had become progressively more severe. Being well aware of the condi- 
tion in other members of his family, this young man sought medical attention. 
His family doctor discovered multiple polyposis in the colon and referred 
him to a specialist. He was treated surgically and recovered satisfactorily from 
the operation. 

Multiple polyposis is known to be a predisposing factor for carcinoma. This 
confirmed case in a member of the family group, and other evidence obtained 
from the family studies and medical records, led to the suspicion that multiple 
polyposis was the factor responsible for the high incidence of carcinoma of 
the colon and rectum in this group. To determine whether or not the disease 
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was continued in an hereditary pattern in other raembers of the family group, 
a clinic for the detection of multiple polyposis and carcinoma of the colon and 
rectum was established in connection with the Division of Oncology at the 
Salt Lake General Hospital. Nearly all of the living members of the family 
group over 5 years of age were examined. The objective of the present paper 
is to report and interpret the results of these examinations. Evidence is pre- 
sented to show that multiple polyposis follows an hereditary pattern and 
predisposes to carcinoma in the family group under consideration. The study 
also demonstrates a practical application for the principles of heredity in 
medical practice. 


HISTORICAL 


For many years single polyps have been known to occur rather commonly in the colon. 
Some investigators have found that 5-10% of the general population have such polyps. 
The uncommon condition of multiple polyps or polyposis has been described by several 
investigators. The literature was reviewed by Dukes (1930), Hoxworth and Slaughter 
(1948) and others. The tendency for the disease to occur in certain family groups more 
frequently than in the general population was recognized by early students of the problem. 
Only references dealing with the hereditary aspects of the disease are cited here. 

According to Dukes (1930), polyposis of the colon was first recognized as a familial and 
potentially malignant condition by W. Harrison Cripps in 1882. Since the recognition and 
description by Cripps, cases have been reported by a large number of investigators. Niemack 
(1902) reported two cases in related individuals and suggested the hereditary nature of the 
disease. Dukes (1925-26) described at length the stages of polyposis of the large intestine 
and discussed the relationship of the condition with cancer. Hullsiek (1928) listed from the 
literature 127 cases of multiple polyposis of the colon and tabulated data concerning age 
of patients, duration of illness, site of polyps, malignancy, treatment, and cause of death. 
The cause of death was often carcinoma. Relatives with the same disease were also listed. 

The hereditary nature of polyposis was emphasized in the review by Dukes (1930). 
Dukes cited pedigrees previously presented by Cripps, Niemack, Zahlmann, Hertz, Mueller, 
Lockhart-Mummery, Jiingling, and others and included an extensive bibliography. Mc- 
Kenney (1936) also emphasized the familial nature of multiple polyposis. He presented two 
family pedigrees. 

More recent reports and discussions by Lockhart-Mummery (1934) and Lockhart-Mum- 
mery and Dukes (1939) identified the average age for the appearance of the polyps at about 
20 years. The youngest of 20 patients was 7 years of age, and the oldest was 43. The average 
age of death from carcinoma following polyposis was about 20 years younger than was the 
average age of death from carcinoma of the rectum and colon in the general population. 
These authors presented 10 family pedigrees showing polyposis and cancer of the rectum 
and colon. 

Falk (1942) described a family in which six of seven children had multiple polyps. Two 
of the six died with carcinoma. Pfeiffer and Patterson (1945) reported on five polyposis 
patients, four of whom had a family history of polyposis. Estes (1948) collected 355 cases 
of polyposis from the literature. He reported on a family in which the mother and six of her 
children were found to have polyposis. C. M. Gardner (1948) found the condition to be 
primarily a disease of young adults. He showed that multiple polyposis usually appears 
between puberty and 30 years of age. 
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- Several of the pedigrees cited above illustrate the pattern of simple dominant inheritance. 
A recent report by Boehme (1950) was based on his study of seven related individuals with 
multiple polyposis. A family history covering a period of 136 years was included. The hered- 
itary pattern of a simple dominant factor was demonstrated and followed through several 
successive generations. 


METHODS 


The family histories were obtained through personal interviews with mem- 
bers of the group. As a part of each interview, places of residence and names 
of doctors and hospitals were carefully noted. These leads were followed up 
as completely as possible. Death certificates for those people no longer living 
were reviewed. The leads obtained from this source concerning pathological 
findings from operations and autopsy reports were traced to their source and 
original records were examined wherever possible. 

A clinic? for the examination of living members of the group was established 
at the Salt Lake General Hospital. The routine examinations included a 
sigmoidoscopy, hematocrit, and guaiac test. A more detailed family history 
than the one obtained at the home of the person was secured at the hospital. 
Individuals showing positive results for either the sigmoidoscopy or guaiac 
test, and those having a history of digestive disturbance and bleeding from 
the rectum, were examined further by means of air contrast barium enema. 

In a few cases where the distance was too great to bring the people to Salt 
Lake City, the cooperation of private physicians was solicited to make the 
examinations. Some members of the group were already under the care of a 
private physician. The data for these were obtained from their doctors. Reports 
of all examinations at the clinic were sent to the family physicians of the people 
concerned. 


EXPERIMENTAL RESULTS 
History of People Not Living 

The members of the family group under consideration (Kindred 109 in the 
records of the Laboratory of Human Genetics, University of Utah) are sym- 
bolized in the accompanying pedigree chart (fig. 1). A diagramatic representa- 
tion of the entire kindred and a description of this group with reference to the 
incidence of carcinoma of the colon and rectum was presented previously 
(Gardner & Stephens, 1950). Further evidence from the family histories and 
additional medical and autopsy records located since the previous publication 
has substantiated the contention that the mother (J-2, fig. 1) and three of her 


>The clinic was supervised by Dr. E. J. Eichwald, of the Division of Oncology. Dr. William 
Erickson performed the sigmoidoscopic examinations, Dr. Marshall Landa did the barium enema 
examinations, Michico Hattori performed the guaiac and hematocrit tests, and Dr. E. J. Eichwald 
made the pathological studies. Martha Beal recorded the case histories in the hospital. 
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children (JJ-1, II-2, and II-3) died with carcinoma of the lower digestive 
tract. A large number of relatives of her husband (J-/) are now known, in 
addition to those represented previously (Gardner & Stephens, 1950, fig. 2, 
Family B). No cancer has been detected in this group. 

Greater uncertainty has arisen concerning the condition of J7-4. He was 
reported previously to have undergone surgery for carcinoma and died shortly 
thereafter in an accident. Every possible source of direct information available 
at present has been explored and no conclusive evidence has been located to 
indicate whether or not he had carcinoma or polyposis of the colon at the time 
of his death. New evidence has been obtained which supports the previous 
findings concerning the cause of death of IIT-1, ITI-8, and III-9. These three 
were reported to have died with carcinoma of the rectum and colon. 

ITI-15 was reported in the death certificate to have died with adenocar- 
cinoma of the stomach. The diagnosis of adenocarcinoma of the stomach with 
metastases, and obstructions of the bowel, was recorded in the hospital records. 
The roentgenological and fluoroscopic findings at the time of admission to the 
hospital in his final illness indicated dilated and gas filled loops of the small 
intestine suggestive of a subacute obstruction of the bowel. The autopsy 
findings were: Carcinoma of stomach with metastases to mesentery, liver, 
spleen, abdominal wall and diaphragm. Terminal small bowel obstruction and 
large bowel obstructions were also reported at autopsy. J/J-15 had a history 
of rectal bleeding for several years before his death. 

Among the 13 members of the group who died after reaching maturity, 8 
died with carcinoma of the digestive tract, one ([J-4) may have had polyposis 
or carcinoma at the time of death, two (JJJ-5 and JJJ-11) met accidental 
death, one (JJJ-3) was reported on the death certificate to have died with 
“intestinal flu,” and one (JV-11) died with staphylococcemia while this study 
was in progress. The colon of JV-J/ was examined at autopsy and no polyps 
were found. Six members of the family group died in infancy or early childhood. 


Results of Examinations for Detection of Polyposis and Carcinoma 


All but two of the living members of the family group over five years old 
have been examined with the sigmoidoscope. The results of the examinations 
are summarized in table 1. The individuals are identified according to their 
position on the pedigree chart (fig. 1). The age is given in years at the time 
of the examination. Sigmoidoscopic findings are given as positive or negative 
for multiple polyposis. The guaiac test results are also given as positive or 
negative and are interpreted to indicate the presence or absence of blood in 
the fecal material at the time of the examination. In some cases an explanation 
was found at sigmoidoscopy for a positive guaiac test, which obviated the 
necessity for the barium enema, which otherwise was recommended to follow 
a positive guaiac test. The results of the hematocrit test are given in terms of 
percentage of packed red cells in 1 cc. of oxalated whole blood. The barium 
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TABLE I. RESULTS OF EXAMINATIONS FOR DETECTION OF POLYPOSIS AND CARCINOMA 


INDIVIDUAL AGE 


45 


19 


ADH A CON 


SIGMOIDOSCOPY 


GUAIAC HEMATOCRIT BARIUM ENEMA 


BIOPSY 


Positive 
Negative 
Negative 

Not examined 
Positive 
Negative 
Positive 
Negative 
Negative 
Negative 
Negative 
Negative 

Not examined 
Negative 
Negative 
Positive 
Negative 
Negative 
Negative 

Not examined 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 

Not examined 
Positive 
Negative 
Negative 
Negative 
Negative 
Negative 

Not examined 
Negative 
Negative 

Not examined 
Not examined 
Not examined 
Not examined 
Negative 

Not examined 
Not examined 
Not examined 


Positive 
Positive 
Negative 


Positive 
Negative 
Negative 
Positive 
Negative 
Negative 
Positive 
Negative 
Negative 
Negative 
Positive 
Positive 
Negative 
Negative 
Negative 
Negative 
Positive 
Negative 
Positive 
Positive 
Positive 
Negative 
Negative 
Negative 
Negative 
Negative 
Negative 


36 
49 
42 


Not diagnostic 
Not diagnostic 
Negative 
Positive 
Negative 


Negative 


Positive 
Negative 


Negative 
Not diagnostic 
Negative 
Negative 


Malignant 


Not malignant 


Malignant 


Inadequate 


172 
III-2 
III-4 40 | 
III-7 47 
III-10 =40 gz 
III-16 39 50 
III-17— 34 49 
III-18 = 34 
IV-1 18 44 
IV-5 15 43 
1V-6 11 42 
IV-7 20 43 Not malignant 
IV-9 13 45 
IV-10 18 48 
IV-11 20 40 
IV-12 18 48 — we 
IV-13 16 44 
IV-16 20 46 
IV-18 13 43 
IV-24 19 45 
1V-25 14 40 
IV -26 11 43 
1V-27 6 40 
IV-28 2 = 
48 
1V-30 43 
IV-31 40 
1V-32 43 = 
1V-33 39 
1V-34 38 
IV-35 40 
IV-36 41 = 
IV -37 41 on 
1V-40 36 
V-1 42 
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enema results are given as positive or negative for multiple polyposis. Biopsy 
results are given as malignant or non-malignant for biopsied polyps, from the 
pathological report. Thirty-nine of the 50 living members of the group were 
examined. Five were positive at sigmoidoscopy and 34 were negative. Four of 
the 5 individuals positive at sigmoidoscopy were successfully biopsied and two 
of the 4 were found to have carcinoma. Nine of the 11 who were not examined 
were children under 6 years of age and 2 were adults. 
The results for the five positive cases are summarized briefly as follows: 


III-2 was found at sigmoidoscopy to have multiple polyposis of the lower colon. The 
guaiac was positive and the hematocrit of 36% was below the normal range for a man of 
45 years of age. A biopsy was taken from two polyps. The pathological report showed one 
of these polyps to be malignant. There was no evidence of invasion at the stalk. The barium 
enema examination was not diagnostic. JJI-2 had a history of rectal bleeding. 

ITI-12 also had a history of rectal bleeding. His mother died when he was a child and he 
was cared for by his sister (J7I-7). She reported that he had a good deal of trouble with the 
lower digestive tract all his life. According to his sister he had serious constipation when he 
was only two years old and has had frequent difficulty since that time. During the past few 
years he has noticed a considerable amount of bleeding from the rectum. This became 
more severe during the eight months preceding the examination. While this study was in 
progress, he recognized the same symptoms in himself which were present in other members 
of his family who had died with carcinoma, and sought medical attention. Multiple polyposis 
of the colon was discovered by his physician and he was referred to a specialist for treat- 
ment. The entire colon was removed in a single operation. The patient made a good post- 
operative recovery. 

ITI-14 observed evidence of bleeding from the rectum over a period of about six years 
before the polyposis was discovered. The bleeding became severe in the spring of 1949. He 
sought medical attention at that time but no diagnosis was made. A year later another 
doctor discovered multiple polyposis in the entire colon and rectum. JJI-14 was referred to 
a specialist immediately, and on July 1, 1950, underwent surgery for the removal of the 
lower half of the colon. The specimen included one large tumor which had produced a nearly 
complete obstruction. More than 40 smaller polyps were counted in the excised portion of 
the colon. On July 11 a second operation removed the rectum and established a colostomy. 
The remaining part of the colon was removed on September 18. The pathological report 
showed that several of the polyps which were biopsied had become malignant. No evidence 
of metastasis was observed. 

IV-7 had a history of slight rectal bleeding but was apparently in good health. The 
sigmoidoscopic examination showed numerous grayish-red polyps in the colon. The guaiac 
test was positive but the hematocrit result was within the normal range for a female 20 
years of age. She was examined fluoroscopically at the time of the barium enema. From both 
examinations numerous polyps were detected in the rectum and sigmoid colon. The diag- 
nosis of multiple polyposis was established on the basis of these tests. The biopsied polyps 
were not malignant. 

IV-29 was found at sigmoidoscopy to have polyps in the colon. He was in excellent health. 
The guaiac test was strongly positive but the hematocrit was within the normal range for 
a male 19 years of age. The biopsy was inadequate for diagnosis. From the barium enema 
examination, circular defects which could be polyps were indicated in the colon. A second 
barium enema failed to confirm the findings of the first. ]V-29 left immediately for military 
duty and was not available for further study. 
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In addition to the five cases described above one questionable case should be mentioned. 
IV-31 gave a strongly positive guaiac from two separate tsts. The hematocrit was probably 
within the normal range for a female 12 years of age. No polyps could be detected at sigmoid- 
oscopy or barium enema. 


Incidence of Surface Tumors in Family Group 


Besides the high incidence of polyposis and carcinoma of the lower digestive 
tract in this family group, another characteristic, apparently hereditary, was 
observed early in the study. Conspicuous surface lumps or tumors are present 
on the head and body of several living members of the group. Great variation 
was observed in the size and superficial nature of the lumps as well as the 
number present on different individuals. The exact nature and significance of 
these tumors is not known. As far as it can be determined, all of those who 
have died with carcinoma of the digestive tract also have had some of these 
surface tumors. Clear evidence has not been obtained for the two older mem- 
bers of the group (/-2 and JJ-/, fig. 1) who died with carcinoma of the lower 
digestive tract. J-2 died in 1909 and no one has been located who remembers 
her well enough to be sure whether or not she had surface tumors on her body. 
II-1 died in 1935. None of his living relatives can be sure whether or not he 
had such tumors. As shown in fig. 1 all other members of the group who died 
with carcinoma and the one (JJ-4) suspected of having polyposis or carcinoma 
at the time of his death, had surface tumors. 

In one case (that of JIJ-9, fig. 1) a surface tumor was removed from the 
jaw region only a few months before the carcinoma was detected in the lower 
digestive tract. Although the specimen removed was shown not to be malig- 
nant, several family members have expressed the feeling that a relationship 
existed between the two conditions. Some believe that “something stirred up 
by the previous operation on the jaw” brought on the condition in the digestive 
tract which proved fatal. This was doubtful, since there was symptomatic 
evidence for multiple polyposis of the colon for several years before the opera- 
tion on the face. However, the feeling in the family is strong enough to make 
difficult the study of these surface tumors. Several members have refused to 
allow a doctor to make even a superficial examination. Some (IJJ-2, for ex- 
ample) have lived with conspicuous tumors for many years because of the 
fear of having them removed. In some cases a social complex has developed 
and likely an alteration in personality because of conspicuous tumors. 

As shown in fig. 1, all five (J7J-2, IJ7-12, III-14, IV-7 and IV-29) of the 
people shown by examination to have multiple polyposis also have surface 
tumors. The growths on these five people appear much alike but they are 
more numerous in some than in others. Family group members call this type, 
“bone tumors” in comparison with other soft, cyst-like tumors which also 
occur in the group. No critical examination of the nature of the surface tumors 
has been made. In addition to these five, three younger members of the group 
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have similar surface tumors. Two (IV-9 and IV-20) of these were shown at 
sigmoidoscopy to be free from polyposis. The third (JV-28) was not examined. 
The ages of these children were 13, 6 and 2, respectively. 


Mode of Inheritance 


The pattern (fig. 1) of inheritance of polyposis shown in this group is char- 
acteristic of a simple dominant gene. Other studies cited above from the 
literature have resulted in similar conclusions for the same condition in other 
family groups. When the present study began the pattern of dominant in- 
heritance was established on the basis of family histories of individuals who 
died with carcinoma of the digestive tract. An hypothesis was accordingly 
set up to establish the expected pattern for living members of the group. 
Predictions were made concerning the probable incidence of polyposis in 
younger members who had not experienced symptoms of the disease. Results 
of examinations have verified the hypothesis. It will be observed from the 
pedigree chart that in every sibship where the trait is expressed, one parent 
is affected. About half of the children of an affected parent have the disease 
while all of the children of those parents not affected are normal. Since no two 
people both of whom have the abnormality are known to have married, the 
behavior of the gene in homozygous condition is unknown. Presumably all of 
the matings which have occurred in the family group are of the backcross 
type (Pp X pp). These data should have practical significance for family 
members and their doctors in dealing with the problem in the family. 

One difficulty comes from a lack of knowledge concerning the time of onset 
of polyposis in young individuals. There is no agreement among investigators 
concerning the period in life at which the polyposis first appears. Some students 
of the problem believe that the polyps first develop in young adults. Others 
consider it possible that they are present earlier in life, and some have sug- 
gested that they may even be present at birth. No specific evidence has been 
obtained so far on this point but evidence likely will be secured as the study 
progresses. People of all ages are included in the study. They will be examined 
periodically over a period of years. The youngest person (JV-29) found so far 
to have polyposis is 19 years of age. If the polyps develop first in young adults 
it is likely that several younger members of the group, now negative, carry 
the gene and may be expected to express the trait as they grow older. 

The pattern of inheritance for the surface tumors also conforms to that of 
a simple dominant gene. The incidence is essentially parallel with that of 
multiple polyposis. The significance of this parallel is not known. It is difficult 
to visualize any immediate connection between benign surface tumors and 
polyposis of the lower digestive tract, yet the correlation is impressive and 
may represent more than a coincidence. Some general gene-controlled process 
may give rise to both manifestations. If no relationship is established between 
the two expressions, the possibility of a genetic linkage between two dominant 
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genes, responsible for the two expressions, still remains to be explored. This 
latter suggestion would imply that the two genes are located near each other 
on the same chromosome. a 


SUMMARY 


A pedigree is presented including a total of 68 descendants of one couple. 
Six died in infancy or early childhood. From a total of 12 adult deaths, 7 have 
resulted directly from carcinoma of the digestive tract. The mother died with 
carcinoma of the bowel. Intestinal polyposis was suggested as the predisposing 
factor for carcinoma. To determine whether or not an hereditary pattern was 
continued in the younger members of the group, examinations including sig- 
moidoscopy and barium enema were provided for all living members for the 
detection of polyposis and carcinoma. From a total of 50 living individuals, 
34 were negative and 5 were positive at sigmoidoscopy for polyposis. Two of 
the five had well established carcinoma. Nine were under 6 years of age and 
were not examined, and 2 adults were not examined. Surface tumors of un- 
known nature and significance were also present in all of the living individuals 
with polyposis or carcinoma. Surface tumors were also present among those 
who died with carcinoma of the colon and rectum. The pattern of simple 
dominant inheritance was indicated for both the polyposis and the surface 
tumors. 
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A Case of Neurofibromatosis from Car Nicobar 


S. S. SARKAR 


Department of Anthropology, Government of India, Indian Museum, Calcutta 


DuRING the year 1948, in the course of an anthropological survey of the Nico- 
barese of Car Nicobar island, on behalf of the Department of Anthropology, 
Government of India, I encountered in the village of Kenyuaka a young man 
bearing the name of Lazarus, aged about 22, who exhibited numerous surface 
tumors of a kind characteristic of neurofibromatosis (fig. 1). Further enquiries 
revealed that Lazarus’ mother, Ta-pi-Sang, who was born and married in 
the same village, was similarly affected. She died about 20 years ago. Lazarus 
had a normal younger brother who died at the age of 7 years. Ta-pi-Sang had 


Fic. 1. Neurofibromatosis in a Nicobarese male, Lazarus. 


one brother and two sisters, all of whom were normal and had normal children; 
none of these relatives, however, is now living. Lazarus himself was unmarried 
at the time of my last enquiry in October, 1950. 
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rom the letters of Canon John Richardson, a Nicobarese himself and the 
head of the S.P.G. Mission, Car Nicobar, the foremost living authority on the 
Nicobarese and a well-informed man, it appears that Ta-pi-Sang’s neurofi 
bromatosis was the first of its kind in the island. There is no local tradition 
associated with this disease, although it goes by the native name of ‘‘Mi-long,”’ 
which means a tumor. Car Nicobar (9° N. lat., 93° E. long.) is 49 square miles 
in area and has a population of 8726 (o74378, 94348) according to a census 
carried out by the local government during 1945-46, after the Japanese sur- 
render. There are 15 villages in the island, but in none of them did I find a 
single additional case of neurofibromatosis. 

Lenz (cited by Grohmann, 1939) is cf the opinion that somatic mutations 
are possibly responsible for the tumors in neurofibromatosis and that they 
are not the regular expression of a pathological gene. Ta-pi-Sang’s neuro 
fibromatosis may be an example of such a somatic mutation. But as the dis- 
order appeared in mother and son, and not in previous generations it is 
probably to be regarded as a dominant germinal mutation. In an extended 
account of this disease, Gates (1946) points out that it is known in Europeans, 
Chinese, Japanese, Tamils, Burmese and Negroes, that it is generally domi- 
nant in inheritance, and that it appears to occur frequently as a mutation. 

These mutations die out among the aborigines, as such people always find it 
difficult to get a mate. | have a large number of such data with regard to poly- 
dactyly, club-foot, split-foot, etc., occurring among the various aborigines of 
this country (India). 
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Heredity of the M-N Types 
Analysis of Twenty Years’ Work 


ALEXANDER S. WIENER 
Serological Laboratory, Office of the Chief Medical Examiner of New York City 


TuE results of studies on the heredity of the M-N types have been collected 
and analyzed by Wiener (1943) and by Taylor and Prior (1938). While on the 
whole the findings fit the theory of Landsteiner and Levine (1928) well, Taylor 
and Prior observed that in their family material there was a statistically signif- 
icant excess of type MN children in the mating MN X MN (67.5 percent 
+ 4.2 percent! type MN among 56 children). They then scrutinized the work 
of other authors and found the same discrepancy. Wiener investigated the 
problem and found that the material from different workers was not homo- 
geneous. In his own family material, among 275 children from MN XK MN 
matings, 51.3 percent + 2.2 percent belonged to type MN, while in studies 
by other workers various frequencies had been observed ranging as high as 
75.7 percent. Wiener concluded that these discrepancies were due to technical 
errors, and pointed out that since in this mating children of all types can occur, 
no special attention would be drawn to errors by inconsistencies with the 
genetic theory as in other matings. In addition, some of the seeming discrep- 
ancies were undoubtedly due to accidental statistical variations. 

The problem has recently been revived by Race and Sanger (1950). When 
analyzing the results of family studies carried out by them, Race and Sanger 
observed 59.5 percent + 3.6 percent type MN among 84 children from MN X 
MN matings, while among 1,029 random bloods tested at the same time with 
the same sera only 48.98 percent were type MN. The excess of type MN 
children above the 50 percent expected was nearly significant statistically. Race 
and Sanger considered therefore that the problem deserves further consider- 
ation, because if the excess can be taken at face value this would demonstrate 
in a direct way the phenomenon of a heterozygote being favored in selection. 

After | published the summary of my findings concerning the heredity of 
the M-N types in 1943, the quantity of family material accumulated more than 
doubled. The purpose of this paper is to summarize my findings to date, which 
comprise 1,160 families with 2,734 children, with special regard to the question 
which has raised concerning the mating MN X MN. 


Received October 26, 1950. 
1 The figure following the + sign in this paper represents probable error. 
179 


180 ALEXANDER S, WIENER 


MATERIALS AND METHODS 


The families studied were accumulated during a period of twenty years. 
The earlier material was collected deliberately in order to test Landsteiner and 
Levine’s theory of the inheritance of the M-N types. Later, when studies were 
conducted on the inheritance of the Rh-Hr types, tests were incidentally 
carried out for the M-N types. These findings have been published from time 
to time, the last publications having appeared in 1949. Since that time, addi- 
tional material has been accumulated, but the present paper will summarize 
only the published findings. 


TABLE 1. HEREDITY STUDIES ON THE M-N TYPES (1929-1949)* 


| NUMBER CHILDREN BELONGING TO TYPE 


PARENTAL 
MXM | 119 Number 272 0 (1) 273 
Per cent 99.6 0 0.4 
MXN 142 Number | (1) 0 315 316 
Percent | 0.3 0 99.7 
NXN 33 Number 0 72 0 72 
Percent | 0 100 0 
MN X M 341 Number 408 (1) 387 796 
Per cent 51.3 + 1.2 | 0.1 48.6 + 1.2 
MN XN 250 Number (3) 300 334 637 
Per cent 0.5 47.14 1.3 | 52.44 1.3 
MN X MN 275 Number 163 160 317 640 
Per cent 25.5 + 1.2 | 25.04 1.2 49.5 + 1.3 
1160 847 533 1354 2734 


* This table includes: 286 families with 1217 children, reported by Wiener (1943), 47 families 
with 132 children, reported by Wiener and Landsteiner (1943), 96 families with 273 children, re- 
ported by Wiener, Sonn, and Belkin (1944), 109 families with 173 children, reported by Wiener, 
Sonn, and Polivka (1946), 225 families with 324 children, reported by Wiener, Sonn-Gordon, and 
Handman (1947), 197 families with 299 children, reported by Wiener (1949), 200 families with 316 
children, reported by Wiener, Gordon, and Handman (1949). 


All tests were carried out by the same uniform well-slide technique. This 
technique has already been described in detail elsewhere (Wiener, 1943). 


RESULTS 


In table 1 are summarized all the investigations on the heredity of the M-N 
types carried out by the author and his collaborators during the period of 
1929-1949. It will be seen that the findings in general conform well with the 
expectancies under the theory of Lansteiner and Levine. There are, to be sure, 
six apparent contradictions to the genetic theory (indicated by parentheses in 
the table), and these will be discussed in greater detail later on. Of particular 
interest is the mating MN X MN which includes a total of 640 children. There 
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is almost perfect agreement with the 1M:1N:2MN ratio expected under the 
genetic theory; thus, there is no excess of type MN children in this large study. 

In view of the issue which has been raised concerning the mating MN XK MN, 
it seemed worth while to analyze this mating in greater detail. Therefore, in 
table 2 we have listed separately the results in this mating from the ten in- 
dividual studies. It will be seen that the frequency of type MN ranges from 
35.0 percent to 58.5 percent, but the overall average is 49.5 percent, and it 
seems evident that the deviations observed in the individual, smaller studies 
merely represent accidental statistical variations. No doubt this explanation 
applies to the deviations observed by Race and Sanger, and by Taylor and 
Prior. 


TABLE 2. ANALYSIS OF MN X MN MATINGS FROM INDIVIDUAL PUBLISHED STUDIES 


CHILDREN 
NUMBER 
SOURCE OF Type M Type N Type MN 
FAMILIES Totals 
No. % + P.E. No. %x+ P.E. No. % + P.E. 
1. J. Immun., 1931..... 25 29 25.0 + 2.7 29 25.0 + 2.7 58 50.0 + 3.1) 116 
2. Ann. Eugen., 1936. . 18 12 21.0+ 3.6 17 29.94 4.1, 28 49.1 + 4.5) 57 
3. J. Exp. Med., 1941 19 22 28.2 + 3.4 16.7 + 2.8 43 55.14 3.8 78 
4. Genetics, 1943... .. 7 8 33.3 + 6.5 416.7 + 5.1 12 50.04 6.9 24 
5. Proc. Soc. Exp. Biol., 
1943 nee 8 6 30.0 + 6.9 7 (35.0 + 7.2 7 (35.0 + 7.2; 20 
6. J. Exp. M., 1944 30 25 |29.1 3.3) 29 133.7 + 3.4! 32 |37.2 3.6 86 
7. Proc. Soc. Exp. Biol., 
1946 : 22 9 22.0 + 4.4 8 + 4.2) 24 58.5 + 5.2, 41 
8. J. Immun., 1947. 46 14 22.6 + 3.6 12 19.3 + 3.4 36 58.1 + 4.2 62 
9. Hereditas, 1949...... 44 12 + 3.1! 23 |}33.8 4 3.9) 33 48.5 + 4.1) 68 
10. 4m. J. Human Ge- 
net., 1949 56 26 29.6+ 3.3 18 20.44 2.9) 44 500+ 3.6 88 


Totals a4 275 163 ‘25.5 + 1.2 160 25.0 + 1.2) 317 49.5 + 1.3, 640 


However, there is hardly any doubt that some of the larger deviations re- 
ported in the literature which are statistically significant, were due to technical 
errors. For example, among 218 children from MN X MN parents one in- 
vestigator observed 75.7 percent + 1.9 percent type MN children, and in a 
second study, the same worker observed among 104 children 59.6 percent + 
3.2 percent type MN children. Another worker found among 98 children from 
MN X MN matings as many as 66.3 percent + 3.2 percent type MN children; 
the same worker in a statistical study on the distribution of the M-N types 
in the general population found among 430 individuals 57.4 percent + 1.61 
percent type MN individuals. These results indicate that the seeming excess 
of type MN children in MN X MN matings is due in part to technical errors 
as well as accidental statistical variations. 
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With regard to the six seeming exceptions to the genetic theory shown in 
table 1, five directly involve the supposed father. These five cases constitute 
exceptions to the law that type M parents cannot have type N children, and 
that type N parents cannot have type M children. It is significant that no 
contradiction to this law was found among the 2,734 mother-child combina- 
tions in these families; nor have we found any contradictions among more than 
1500 mother-child combinations in cases of disputed paternity (Wiener, 1950). 
Furthermore, Andresen (1947) has reported that among 20,000 cases of dis- 
puted paternity, no contradiction to the genetic theory has been found in- 
volving the mother. It seems evident therefore that the five seeming ex- 
ceptions in our studies involving the father, were due to illegitimacy. 

The remaining case is a contradiction to the law that the agglutinogens M 
and N cannot appear in the blood of a child unless present in the blood of one 
or both parents. Since it has been shown (Wiener, 1943) that for every two ex- 
clusions on the basis of the combination M = N, one exclusion is to be ex- 
pected on the basis of the dominance law, it seems reasonable to conclude that 
this case also represents an illegitimacy. Thus, the findings summarized in this 
paper further confirm the accuracy of the theory of Landsteiner and Levine, 
and justify the application of these tests in medicolegal cases of disputed 
parentage. 

COMMENT 


Every serologist has been guilty at some time of accepting his own ob- 
servations at their literal face value without considering the possibility of errors 
due to bias when performing the tests, or due to accidental statistical varia- 
tions. The subconscious tendency to commit such errors is greatest when con- 
ducting experiments to verify a particularly attractive hypothesis. 

The present analysis demonstrates again the truth of the principle that the 
most difficult observations to account for are those which do not truly repre- 
sent the facts. Unfortunately, the blood grouping field, like other fields, is 
replete with reports presenting such inaccurate observations. In view of the 
intrinsic complexity of the subject such as the Rh-Hr types, the addition to 
this of conflicting reports due to inaccurate observations necessarily results in 
further confusion. Some of the claims, among many others, which there are 
strong reasons to doubt are reports of sera with extraordinarily high antibody 
titers reaching the millions, reports of successful desensitization of pregnant 
Rh-negative women by Rh “hapten” and ethylene disulfonate, claims regard- 
ing demonstration of factor Hro (d), and claims that pregnancy with an Rh- 
negative fetus can cause a rise of Rh antibody titer in the sensitized Rh- 
negative mother. 

SUMMARY 


The results of tests for the M-N factors in a series of 1,160 families with 
2,734 children are reported. The findings agree well with the genetic theory 
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of Landsteiner and Levine. There was no excess of type MN children from 
the mating MN X MN; among 640 children, 49.5 percent belonged to type 
MN. Previous reports of an excess of type MN children from this mating 
are due in part to technical errors, and in part to accidental statistical vari- 
ations. 
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